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(57) In a digital PLL circuit (1 ), a clock generator (2) 
generates, from a system clock, n clock signals (where 
n is a positive integer) having different phases one 
another by 1/n. A sampling circuit (3) generates 1 st to 
n th sampled burst-mode data by sampling received 
burst-mode data utilizing the n clock signals. A pream- 
ble detector (4) detects a head of the burst-mode data 
from the 1 st to n th sampled burst-mode data, and then 
detects an optimal phase potion for the head of the 
burst-mode data by referring to phase positions of the n 
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clock signals. A clock phase adjuster (5) detects an 
edge position of the burst-mode data from the 1 st to 0 th 
sampled burst-mode data, and according to the 
detected edge positions, adjusting the phase positions 
of the clock signals with reference to the optimal phase 
position detected by the preamble detector. In this man- 
ner, the digital PLL circuit (1) can correctly recover only 
the burst-mode data from the head thereof even when 
noise is superimposed on a non signal period. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention relates to digital 
phase locked loop circuits (hereinafter, PLL circuits), 
and more specifically to a digital PLL circuit recovering 
a clock signal according to received burst-mode data, 
and adjusting a phase thereof in such a manner as to 
synchronize with an optimal position of each bit of the 
burst-mode data. 

Description of the Background Art 

[0002] In a point-to-multipoint network where a 
c nter station is connected to a plurality of terminals, 
two-way data communication is carried out among the 
terminals in which frequency synchronization is estab- 
lished. On reception of data from the terminals, the 
center station determines a phase thereof and then 
recovers a clock based on the determined phase so that 
the received data is recovered. Such data recovery is 
exemplarily found in ISSCC '93 TA6.4 (hereinafter, first 
conventional example). 

[0003] The first conventional example is described 
in detail below. In the first conventional example, a 
reception terminal first instantaneously determines a 
phase of received data; recovers a clock; and discrimi- 
nates the received data according to the recovered 
clock. A first and a second Voltage Controlled Oscilla- 
tors (VCOs) are utilized therefor, and are structured to 
oscillate responding to a gate signal. An oscillating fre- 
quency of the first and second VCOs is synchronized 
with that of a system clock. When the received data indi- 
cates "High", the first VCO starts oscillating after its ini- 
tial phase set to "0". When the received data transits 
from "High" to "Low", the first VCO stops oscillating but 
the second VCO simultaneously starts oscillating with 
its initial phase set to "0". When the received data tran- 
sits from "Low" to "High", the second VCO then stops 
oscillating. Accordingly, the first VCO keeps oscillating 
as long as the received data indicates "High", and the 
second VCO "Low". A logical sum of output signals from 
the first and second VCOs is regarded as a clock recov- 
ered based on the received data. 
[0004] In the first conventional example, it is 
required to fully suppress pulse width distortion of burst- 
mode data, which is the received data. If the distortion 
is fully suppressed, a falling edge (tail) of the recovered 
clock correctly comes to the center of each bit. Accord- 
ingly, the received burst-mode data is sampled utilizing 
the falling edge and then correctly discriminated. 
[0005] On the other hand, with the pulse width dis- 
tortion observed, the burst-mode data may not be cor- 
rectly discriminated in some cases. For instance, if a bit 
indicating "High" is narrowed in width to about half due 



to the pulse width distortion, the burst-mode data may 
not be correctly sampled utilizing the falling edge of the 
recovered clock. 

[0006] Further, in the first conventional example, 
5 the first and second VCOs may not be equalized to a 
preset system clock in oscillating frequency, or an error 
in oscillating frequency may be generated thereamong 
due to noise, for example. If data is recovered under 
such circumstance, a phase of the recovered clock may 
10 move off, by degrees, from a centric position of the bit 
during continuity of bits indicating the same level ("High 
or "Low"). It may result in erroneous discrimination of 
the burst-mode data. 

[0007] A second and a third conventional examples 
15 next below are proposed to get around such problem in 
the first. 

[0008] Details of the second conventional example 
are disclosed in Japanese Patent Laying-Open No. 9- 
36849 (97-36849). Therein, with reference to a system 

20 clock used in a reception terminal, a transition point of 
data is detected for every two clock periods. According 
to a transition pattern of the data, a leading and a falling 
edges are detected, and a center point therebetween is 
determined as an optimal phase position. At the optimal 

25 phase position, a clock for data discrimination is 
located. As such, the leading and falling edges are 
always monitored for adjustment of the phase position 
of the clock, whereby the problem in the first conven- 
tional example is solved. Further, for detection of the 

30 optimal phase position, with concern about pulse width 
distortion and/or jitter, the second conventional example 
makes it preferable to calculate an average for several 
two-clock-period-based phase positions utilizing an 
integrator. 

35 [0009] The third conventional example is a tech- 
nique disclosed in Japanese Patent Laying-Open No. 8- 
2371 1 7 (96-2371 1 7). Therein, an average in position is 
taken for falling edges of received data, and an optimal 
phase position is determined based on information 

40 about the average. Thereafter, the number of transition 
points is detected in one-bit width, where the optimal 
phase position is centered. Herein, two transition points 
therein mean that pulse width distortion and/or jitter is 
occurred in the received data. In such case, a center 

45 value of these two transition points is taken as optimal 
phase position, and thus an influence of pulse width dis- 
tortion and/or jitter is prevented for discrimination of the 
received data. On the other hand, one or no transition 
point means that the received data has no pulse width 

so distortion. Therefore, the optimal phase position 
remains the same. 

[0010] In the above second and third conventional 
examples, the average is calculated for the transition 
points in several bits before selecting the optimal phase 
55 position. The problem herein is, the average may be cal- 
culated including transition points erroneously detected 
in a non signal period. The non signal period is an inter- 
val where a circuit utilizing the second and third conven- 
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tional examples do not receive data, and supposedly no 
data is sent out from an AGC amplifier preceding to the 
circuit in the non signal period. Such erroneous detec- 
tion is caused by noise to be occurred therein as the 
noise is mistakenly regarded as randomly-generated 5 
data. As a result, recovery for a clock having a correct 
phase position cannot be done in the vicinity of a head 
of the burst-mode data (that is, at the beginning of a sig- 
nal period, which is located after the non signal period 
and data reception is made therein). w 
[0011] To get around such problem, in the second 
and third conventional examples, a comparator in the 
last stage of the AGC amplifier is provided with a hyster- 
esis function, whereby an output signal of the AGC 
amplifier is fixedly set to "0" when there is no burst- 15 
mode data (non signal period). With the hysteresis func- 
tion, a reference signal shifts in value with respect to an 
incoming signal depending on an output from the com- 
parator. Accordingly, the AGC amplifier can output a sig- 
nal indicating n 0 u in level without amplifying the noise 20 
occurred in the non signal period. 
[0012] However, the hysteresis function lowers an 
SN ratio (Signal to Noise Ratio), in other words, a recep- 
tion level for high-quality data communication with a low 
bit error rate suffers deterioration. The hysteresis tunc- 25 
tion may cause no problem if the reference signal can 
be kept at the same shifting level to both output signals 
indicating n 0 M and "1". If it is impossible due to variation 
of devices realizing the hysteresis function, the compa- 
rator problematically enhances the pulse width distor- 30 
tion before outputting a signal. 

[0013] A fourth conventional example is a data 
sheet of Lucent Technologies, titled M 20Mb/s-60Mb/s 
Burst-Mode Clock and Data Recovery Integrated Circuit 
ATTDC221 AJ32". The system shown in the data sheet 35 
is similar to the first conventional example, but the data 
recovery circuit therein is additionally provided with an 
elastic buffer. To the elastic buffer, received data is writ- 
ten according to a recovered clock. Reading from the 
elastic buffer is carried out utilizing a clock in the data 40 
recovery circuit, and thus the received data becomes 
free from uttering components. To the elastic buffer, a 
reset signal is provided immediately before receiving 
the burst-mode data. With the reset signal, the data 
recovery circuit adjusts timing for reading from the elas- 45 
tic buffer when writing is started, whereby reading is 
secured not to start before writing. 
[0014] The problem in the fourth conventional 
example is that the clock is erroneously recovered due 
to noise occurred in the non signal period, and accord- so 
ing to the erroneous clock recovered thereby, data is 
written into the elastic buffer. As a result, a writing posi- 
tion of data may be shifted from a preset position, and a 
writing position of data thus comes before the reading 
position. Due to such problem, for the worst, new data is 55 
overwritten in a not-yet-read data region, whereby data 
cannot be correctly read. 



SUMMARY OF THE INVENTION 

[001 5] Therefore, an object of the present invention 
is to provide a digital PLL circuit for correctly discrimi- 
nating burst-mode data from noise possibly included in 
a non signal period, and correctly recovering only the 
burst-mode data from the head thereof. 
[0016] Another object of the present invention is to 
provide an optical receiving circuit for correctly receiving 
and recovering an optical burst-mode signal without a 
hysteresis function in a stage subsequent to an AGC 
amplifier. 

[0017] The present invention has the following fea- 
tures to attain the objects above. 
[0018] A first aspect of the present invention is 
directed to a digital PLL circuit recovering a clock signal 
according to received burst-mode data, and adjusting a 
phase thereof in such a manner as to synchronize with 
an optimal position of each bit of the burst-mode data, 
the circuit comprising: 

a clock generator generating, from a system clock, 
n clock signals (where n is a positive integer) hav- 
ing different phases one another by 1/n; 
a sampling circuit generating 1 st to n th sampled 
burst-mode data by sampling the burst-mode data 
utilizing the n clock signals generated by the clock 
generator; 

a preamble detector detecting a head of the burst- 
mode data from the 1 st to n th sampled burst-mode 
data generated by the sampling circuit, and also 
detecting an optimal phase potion for the head of 
the burst-mode data by referring to phase positions 
of the n clock signals generated by the clock gener- 
ator; and 

a clock phase adjuster detecting an edge position 
of the burst-mode data from the 1 st to sampled 
burst-mode data generated by the sampling circuit, 
and according to the detected edge position, 
adjusting the phase positions of the clock signals 
with reference to the optimal phase position 
detected by the preamble detector. 

[0019] As described above, in the first aspect, the 
preamble detector detects the head of the burst-mode 
data. Therefore, the digital PLL circuit can correctly dis- 
criminate between the burst-mode data and any interval 
having the burst-mode data not transmitted. 
[0020] Further, after the optimal phase position for 
the clock signals is detected according to the detected 
head of the burst-mode data, the clock phase adjuster 
detects the recently optimal phase position according to 
the edge positions of the burst-mode data. In this man- 
ner, even if the burst-mode data has pulse width distor- 
tion and/or jitter therein, the clock phase adjuster keeps 
locating the phase of the clock signal onto the optimal 
phase position with reference to the edge positions of 
the burst-mode data. Accordingly, the burst-mode data 
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can correctly be discriminated. 

[0021] Still further, the clock signals having different 
phases one another are generated according to a sys- 
tem clock, whereby synchronization in frequency 
between the system clock and the clock signals having 5 
different phases one another can be established easily 
and accurately. Sine the clock signals are thus sup- 
pressed in frequency variation, the edge of the clock 
signal always comes to the center of each bit of the 
burst-mode data even if the burst-mode data has conti- w 
nuity of bits indicating the same level. Therefore, the 
data can be correctly discriminated. 
[0022] According to a second aspect, in the first 
aspect, the clock phase adjuster 

15 

finds, every time the edge position is detected, a 
center point of the bit according to the detected 
edge position, 

finds and stores an evaluation value relevant to a 
shift between the recently-set optimal phase posi- 20 
tion and the center point of the bit, 
calculates, after the evaluation value is calculated 
for x times, an average for the recently-stored x 
evaluation values, and 

adjusts the phase positions of the clock signals 25 
according to the calculated average. 

[0023] As described above, in the second aspect, 
the phase positions of the clock signals are adjusted 
according to the average taken for x evaluation values. 30 
Therefore, jittering components are removed from the 
burst-mode data, and can be recovered by the clock sig- 
nals always having the optimal phase position. 
[0024] According to a third aspect, in the first 
aspect, when the preamble detector detects the head of 35 
the burst-mode data, the clock phase adjuster detects 
the edge positions of the burst-mode data from the 1 st to 
n th sampled burst-mode data generated by the sam- 
pling circuit. 

[0025] As described above, in the third aspect, the 40 
clock phase adjuster starts operating when the head of 
the burst-mode data is detected. In this manner, the 
phase positions of the clock signals are prevented from 
being erroneously detected in the non signal period of 
the burst-mode data. As a result, the burst-mode data 45 
can be discriminated with higher accuracy. 
[0026] According to a fourth aspect, in the first 
aspect, the burst-mode data previously has an identifi- 
cation pattern set for specifying the head thereof, and 

50 

the preamble detector comprises: 



shift register matches to the identification pat- 
tern; and 

an identification pattern detector detecting the 
identification pattern from the burst-mode data 
according to a result determined by the n 
decoders. 

[0027] As described above, in the fourth aspect, n 
decoders each independently operate to find the identi- 
fication pattern from the 1 st to n th sampled burst-mode 
data. In this manner, the head of the burst-mode data 
can be correctly specified, and thus the digital PLL cir- 
cuit is prevented from erroneously operating due to con- 
fusion between the noise occurred in the non signal 
period and the burst-mode data. Accordingly, the digital 
PLL circuit can correctly discriminate between the noise 
in the non signal period and the burst-mode data. 
[0028] According to a fifth aspect, in the fourth 
aspect, the number of bits / held by each of the shift reg- 
isters is predetermined, wherein 

when any one or more of the decoders determines 
that a pattern of j bits (where j is a natural number 
satisfying /=/) out of the / bits held by the corre- 
sponding shift register matches to the identification 
pattern, the identification pattern detector decides 
that the identification pattern is detected from the 
burst-mode data. 

[0029] As described above, in the fifth aspect, the 
decoders determine pattern matching by using bits as 
many as possible (J bits), whereby the head of the burst- 
mode data can be detected with accuracy. 
[0030] According to a sixth aspect, in the fifth 
aspect, when a series of q (where q is a natural number 
satisfying q<n) decoders determine that a pattern of 
recent k bits (where k is a natural number satisfying 
k<j) out of the / bits held by each corresponding shift 
register matches to the identification pattern, the identi- 
fication pattern detector decides that the head of the 
burst-mode data is detected, wherein 

the numbers q and k are so selected as to satisfy a 
bit error rate required for transmission quality. 

[0031] As described above, in the sixth aspect, the 
decoders can also determine pattern matching with bits 
fewer in number (k bits) while satisfying sufficiently-high 
transmission quality. Therefore, the head of the burst- 
mode data can swiftly be detected. 
[0032] According to a seventh aspect, in the fourth 
aspect, the preamble detector further includes an initial 
phase position detector detecting a center point of bits 
at the head of the burst-mode data from the result deter- 
mined by the n decoders, and determining the detected 
center point as the optimal phase position for the clock 
signals. 

[0033] After detected the identification pattern, the 



n shift registers for holding the 1 st to n th sam- 
pled burst-mode data generated by the sam- 
pling circuit; 55 
n decoders each subsequently connected to 
the n shift registers, and determining whether 
or not a bit pattern held by the corresponding 
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decoders can specify the clock signal whose phase 
position is useful for discriminating the burst-mode data. 
Therefore, if a plurality of decoders detect the identifica- 
tion pattern, the number of such useful phase positions 
are also plural. In the seventh aspect, the identification 
phase position detector detects the optimal phase posi- 
tion for these clock signals. Therefore, the digital PLL 
circuit can recover the clock signal having the optimal 
phase position for discrimination of the burst-mode 
data. 

[0034] According to an eighth aspect, in the first 
aspect, the clock phase adjuster includes an edge 
detector detecting the edge positions of each bit of the 
burst-mode data, wherein 

the edge detector includes: 

an exclusive OR circuit calculating an exclusive 
OR, and detecting a transition point from "Low" 
to "High" or from "High" to "Low" in the burst- 
mode data; and 

a decision circuit determining whether or not 
continuity of "High" or "Low" is observed after 
the transition point detected by the exclusive 
OR circuit, wherein 

only when the continuity of "High" or "Low" is deter- 
mined by the determination circuit, the transition 
point detected by the exclusive OR circuit is 
detected as the edge positions of the burst-mode 
data. 

[0035] Noise is instantaneously occurred not only in 
the non signal period but in reception of the burst-mode 
data, therefore it is impossible to specify the transition 
point detected by the exclusive OR circuit as the one 
resulted from the burst-mode data or the one resulted 
from the noise. To get around such problem, in the 
eighth aspect, the decision circuit determines whether 
or not continuity of the same level is observed after 
detected any transition point in the exclusive OR circuit. 
In this manner, it prevents the decision circuit from 
detecting any level change possibly resulted from the 
noise as the transition point resulted from the burst- 
mode data. As a result, the clock phase adjuster stops 
adjusting the phase positions according to any transi- 
tion points resulted from the noise, and thus the phase 
of the clock signal can always be adjusted to be on the 
correct position. 

[0036] According to a ninth aspect, in the first 
aspect, the digital PLL circuit further comprises a dis- 
criminator discriminating, based on the phase positions 
adjusted by the clock phase adjuster, a bit to be 
received from the 1 st to n th sampled burst-mode data 
generated by the sampling circuit. 
[0037] As described above, in the ninth aspect, the 
discriminator operates with timing according to the opti- 
mally-adjusted phase position, whereby the bit to be 



received can be correctly discriminated. 

[0038] According to a tenth aspect, in the ninth 

aspect, the discriminator includes: 

5 a selector selecting, based on the phase positions 

adjusted by the clock phase adjuster, 1 st to p m 
(where p is a natural number satisfying psn) sam- 
pled burst-mode data from the 1 st to 0 th sampled 
burst-mode data generated by the sampling circuit, 

io and 

a decision circuit determining, by majority, the bit to 
be received from the 1 st to sampled burst-mode 
data selected by the selector. 

15 [0039] In the case that the noise is superimposed 
on the burst-mode data, the bit may be discriminated to 
be in an erroneous value even if the clock signal having 
the optimally-adjusted phase position is used. In the 
tenth aspect, the 1 st to p th sampled burst-mode data 

20 obtained by sampling utilizing the p clock signals having 
the optimal phase position is first selected, and then the 
bit to be received is determined, by majority, from the 
selected 1 st to p th sampled burst-mode data. In this 
manner, even if the noise is superimposed on the burst- 

25 mode data sampled by the optimal clock signal, the 
value of the bit can be accordingly correctly discrimi- 
nated. 

[0040] According to an eleventh aspect, in the first 
aspect, the digital PLL circuit further comprises an elas- 
30 tic buffer into which the bit discriminated by the discrim- 
inator is written according to the clock signals having 
the phase positions optimally adjusted by the clock 
phase adjuster, wherein 

35 the bit written into the elastic buffer is read accord- 
ing to the system clock. 

[0041] As described above, in the eleventh aspect, 

even if jitter is occurred in the burst-mode data, the elas- 
40 tic buffer absorbs the uttering components. Therefore, 

the bits (burst-mode data) read from the elastic buffer 

can be freed from the jitter components. 

[0042] According to a twelfth aspect, in the eleventh 

aspect, writing and reading into/from the elastic buffer 
45 are done when the preamble detector detects the head 

of the burst-mode data. 

[0043] As described above, in the twelfth aspect, 
even if any noise is observed before receiving the burst- 
mode data (non signal period), writing and reading 

so into/from the elastic buffer is not carried out unless the 
preamble detector detects the head of the burst-mode 
data. In other words, the elastic buffer operates regard- 
less of the noise, thereby rendering the writing position 
and the reading position consistent with each other. 

55 [0044] A thirteenth aspect of the present invention 
is directed to an optical receiving circuit receiving an 
optical burst-mode signal, comprising: 
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an optical/electrical conversion device converting 
the received optical burst-mode signal into an elec- 
trical signal; 

an amplifier amplifying the electrical signal con- 
verted by the optical/electrical device; 5 
a comparator converting the electrical signal pro- 
vided by the amplifier into digital data by comparing 
the electrical signal and a given reference signal; 
and 

a digital PLL circuit receiving the digital data con- to 
verted by the comparator, recovering a clock signal 
according to the burst-mode data, and adjusting a 
phase thereof in such a manner as to synchronize 
with an optimal position of each bit of the burst- 
mode data, wherein 15 
the digital PLL circuit comprises: 

a clock generator generating, from a system 
clock, n clock signals (where n is a positive 
integer) having different phases one another by 20 
1/n; 

a sampling circuit generating 1 st to n xU sampled 
burst-mode data by sampling the burst-mode 
data utilizing the n clock signals generated by 
the clock generator; 

a preamble detector detecting a head of the 
burst-mode data from the 1 st to n th sampled 
burst-mode data generated by the sampling cir- 
cuit, and also detecting an optimal phase 
potion for the head of the burst-mode data by 
referring to phase positions of the n clock sig- 
nals generated by the clock generator; and 
a clock phase adjuster detecting an edge posi- 
tion of the burst-mode data from the 1 st to n th 
sampled burst-mode data generated by the 
sampling circuit, and according to the detected 
edge position, adjusting the phase positions of 
the clock signals with reference to the optimal 
phase position detected by the preamble 
detector. 

[0045] As described above, in the thirteenth aspect, 
there is no more need to forcefully and fixedly set the 
output from the comparator to M 0" in the non signal 
period. To be specific, the digital PLL circuit does not 
perform phase adjustment for the clock signals unless 
the head of the burst-mode data is detected, and thus 
the digital PLL circuit does not erroneously operate 
even if the noise is superimposed on the output from the 
comparator in the non signal period. In this manner, the 
comparator is freed from the hysteresis function, 
whereby the optical receiving circuit can keep the satis- 
factory reception level without lowering the SN ratio and 
the bit error rate. 

[0046] A fourteenth aspect of the present invention 
is directed to an optical receiving circuit receiving an 
optical burst-mode signal, comprising: 



an optical/electrical conversion device converting 
the received optical burst-mode signal into an elec- 
trical signal; 

an amplifying circuit amplifying the electrical signal 
converted by the optical/electrical device; 
a comparing circuit provided with a hysteresis char- 
acteristic which generates a reference signal varia- 
ble in value, and compares the reference signal and 
the electrical signal amplified by the amplifying cir- 
cuit for output as burst-mode data; and 
a digital PLL circuit detecting the head of the burst- 
mode data provided by the comparing circuit, gen- 
erating a PREAMBLE-DETECTED signal being a 
signal specifying the head, and then starting opti- 
mally adjusting the phase position of the clock sig- 
nal recovered from the burst-mode data, wherein 
the digital PLL circuit further feeds back the gener- 
ated PREAMBLE-DETECTED signal to the com- 
paring circuit, and 

in response to the PREAMBLE-DETECTED signal 
fed back from the digital PLL circuit, the comparing 
circuit changes a value of the reference signal. 

[0047] As described above, in the fourteenth 
aspect, the comparing circuit can distinguish between 
the signal period and the non signal period with the 
PREAMBLE-DETECTED signal fed back, and can use 
the reference signal differed in value depending on the 
signal period or the non signal period with the hysteresis 
characteristic provided. Therefore, the comparing circuit 
has no more need to use the reference signal offset in 
the signal period but the reference signal whose level is 
optimal and constant with respect to the electrical sig- 
nal. As a result, in the signal period, the comparing cir- 
cuit recovers the burst-mode data fully suppressed with 
pulse width distortion, and in the non signal period, car- 
ries out comparison processing by the offset reference 
signal. In this manner, erroneous operation can be pre- 
vented. 

[0048] According to a fifteenth aspect, in the four- 
teenth aspect, the PREAMBLE-DETECTED signal gen- 
erated by the digital PLL circuit indicates whether or not 
the head is detected/undetected, wherein 



30 



35 



40 



45 the comparing circuit includes 

a hysteresis controller generating, in response 
to the PREAMBLE-DETECTED signal fed back 
from the digital PLL circuit, the reference signal 
50 variable in value; and 

a comparator comparing the reference signal 
from the hysteresis controller and the electrical 
signal from the amplifying circuit, wherein 

55 the hysteresis controller 

generates the reference signal having the 
same value as a reference value of the electri- 
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cal signal from the amplifying circuit if the 
received PREAMBLE-DETECTED signal indi- 
cates that the head is detected, and 
generates the reference signal in a value being 
offset the reference value of the electrical sig- 5 
nal from the amplifying circuit by a given value 
if the received PREAMBLE-DETECTED signal 
indicates that the head is undetected. 

[0049] As described above, in the fifteenth aspect, w 
the value of the reference signal is set to be equal to the 
reference value of the electrical signal. Accordingly, the 
comparator can carry out comparison processing with 
the reference signal in the optimal level, whereby the 
recovered burst-mode data can be fully suppressed with is 
pulse width distortion. Further, the comparator carries 
out the comparison processing with the reference signal 
in a value being offset the reference value by a given 
value in the non signal period, whereby the noise com- 
ponent is not erroneously recovered as the burst-mode 20 
data. 

[0050] According to a sixteenth aspect, in the fif- 
teenth aspect, the electrical signal provided to the com- 
parator is a bi-phase signal. 

[0051] As described above, in the sixteenth aspect, 25 
the bi-phase signal varying in level in both directions of 
positive and negative with respect to the reference sig- 
nal is inputted. Therefore, even if an optical power of 
receiving signal is low in the signal period, the compar- 
ing circuit can correctly carry out the comparison 30 
processing as long as the reference signal is set equal 
to the electrical signal. 

[0052] According to a seventeenth aspect, in the fif- 
teenth aspect, the given value is selected to be about 
double or three-times more than a distribution value of a 35 
thermal noise component occurred in the amplifying cir- 
cuit. 

[0053] As described above, in the seventeenth 
aspect, the given value is adequately provided with an 
allowance for the distribution value of the thermal noise 40 
component. In this manner, the comparing circuit is pre- 
vented from erroneously recovering the noise compo- 
nent in the non signal period as the burst-mode data. 
[0054] According to an eighteenth aspect, in the 
fourteenth aspect, the digital PLL circuit comprises: 45 

a clock generator generating, from a system clock, 
n clock signals (where n is a positive integer) hav- 
ing different phases one another by 1/n; 
a sampling circuit generating 1 st to n 01 sampled so 
burst-mode data by sampling the burst-mode data 
utilizing the n clock signals generated by the clock 
generator; 

a preamble detector detecting a head of the burst- 
mode data from the 1 st to n th sampled burst-mode 55 
data generated by the sampling circuit, and also 
detecting an optimal phase potion for the head of 
the burst- mode data by referring to phase positions 



of the n clock signals generated by the clock gener- 
ator; and 

a clock phase adjuster detecting an edge position 
of the burst-mode data from the 1 st to n m sampled 
burst-mode data generated by the sampling circuit, 
and according to the detected edge position, 
adjusting the phase positions of the clock signals 
with reference to the optimal phase position 
detected by the preamble detector, wherein 
the preamble detector feeds back the generated 
PREAMBLE-DETECTED signal to the comparing 
circuit. 

[0055] According to a nineteenth aspect, in the 
eighteenth aspect, the clock phase adjuster 

finds, every time the edge position is detected, a 
center point of the bit according to the detected 
edge position, 

finds and stores an evaluation value relevant to a 
shift between the recently-set optimal phase posi- 
tion and the center point of the bit, 
calculates, after the evaluation value is calculated 
for x times, an average for the recently-stored x 
evaluation values, and 

adjusts the phase positions of the clock signals 
according to the calculated average. 

[0056] According to a twentieth aspect, in the eight- 
eenth aspect, when received the PREAMBLE- 
DETECTED signal from the preamble detector, the 
clock phase adjuster starts detecting the edge positions 
of the burst-mode data outputted from the comparing 
circuit utilizing the 1 st to n th sampled burst-mode data 
generated by the sampling circuit. 
[0057] According to a twenty-first aspect, in the 
eighteenth aspect, the burst-mode data outputted from 
the comparing circuit previously has an identification 
pattern set for specifying the head thereof, and 

the preamble detector comprises: 

n shift registers for holding the 1 st to n th sam- 
pled burst-mode data generated by the sam- 
pling circuit; 

n decoders each subsequently connected to 
the n shift registers, and determining whether 
or not a bit pattern held by the corresponding 
shift register matches to the identification pat- 
tern; and 

an identification pattern detector detecting the 
identification pattern according to a result 
determined by the n decoders. 

[0058] According to a twenty-second aspect, in the 
twenty -first aspect, the number of bits / held by each of 
the shift registers is predetermined, wherein 
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when any one or more of the decoders determines 
that a pattern of j bits (where j is a natural number 
satisfying /=/) out of the / bits held by the corre- 
sponding shift register matches to the identification 
pattern, the identification pattern detector decides 
that the identification pattern is detected. 

[0059] According to a twenty-third aspect, in the 
twenty-second aspect, a series of q (where q is a natu- 
ral number satisfying q<n) decoders determine that a 
pattern of recent k bits (where k is a natural number sat- 
isfying k<j) out of the / bits held by each corresponding 
shift register matches to the identification pattern, the 
identification pattern detector decides that the identifi- 
cation pattern is detected, wherein 

the numbers q and k are so selected as to satisfy a 
bit error rate required for transmission quality. 

[0060] According to a twenty-fourth aspect, in the 
twenty-first aspect, the preamble detector further 
includes an initial phase position detector estimating a 
center point of bits in the identification pattern using the 
result determined by the n decoders, and regarding the 
estimated center point as the optimal phase position for 
the clock signals. 

[0061] According to a twenty-fifth aspect, in the 
eighteenth aspect, the clock phase adjuster includes an 
edge detector detecting the edge positions of each bit of 
the burst-mode data outputted from the comparing cir- 
cuit, wherein 

the edge detector includes: 

an exclusive OR circuit calculating an exclusive 
OR, and detecting a transition point from "Low" 
to "High" or from "High" to "Low" in the burst- 
mode data outputted from the comparing cir- 
cuit; and 

a decision circuit determining whether or not 
continuity of "High" or "Low" is observed after 
the transition point detected by the exclusive 
OR circuit, wherein 

only when the continuity of "High" or "Low" is deter- 
mined by the determination circuit, the transition 
point detected by the exclusive OR circuit is 
detected as the edge positions of the burst-mode 
data. 

[0062] According to a twenty-sixth aspect, in the 
eighteenth aspect, the optical receiving circuit further 
comprises a discriminator discriminating, based on the 
phase positions adjusted by the clock phase adjuster, a 
bit to be received from the 1 st to n th sampled burst- 
mode data generated by the sampling circuit. 
[0063] According to a twenty-seventh aspect, in the 
twenty-sixth aspect, the discriminator includes: 



a selector selecting, based on the phase positions 
adjusted by the clock phase adjuster, 1 st to p th 
(where p is a natural number satisfying p^n) sam- 
pled burst-mode data from the 1 st to nth sampled 
5 burst-mode data generated by the sampling circuit; 

and 

a decision circuit determining, by majority, the bit to 
be received from the 1 st to P th sampled burst-mode 
data selected by the selector. 

10 

[0064] According to a twenty-eighth aspect, In the 
eighteenth aspect, the optical receiving circuit further 
comprises an elastic buffer into which the bit discrimi- 
nated by the discriminator is written according to the 
15 clock signals having the phase positions optimally 
adjusted by the clock phase adjuster, wherein 

the bit written into the elastic buffer is read accord- 
ing to the system clock. 

20 

[0065] According to a twenty- ninth aspect, in the 
twenty-eighth aspect, writing and reading into/from the 
elastic buffer are controlled by the PREAMBLE- 
DETECTED signal generated by the preamble detector. 
25 [0066] These and other objects, features, aspects 
and advantages of the present invention will become 
more apparent from the following detailed description of 
the present invention when taken in conjunction with the 
accompanying drawings. 

30 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0067] 

35 FIG. 1 is a block diagram showing the structure of a 
digital PLL circuit 1 according to a first embodiment 
of the present invention; 

FIGS. 2A and 2B are diagrams exemplarily show- 
ing, respectively, a waveform of incoming burst- 
40 mode data to the digital PLL circuit 1 and those of 
clock signals cl^ to clkQ generated in the digital 
PLL circuit 1 in FIG. 1; 

FIG. 3 is a block diagram showing the detailed 

structure of a preamble detector 4 shown in FIG. 1 ; 
45 FIG. 4 is a block diagram structurally showing the 

first stage of a circuit of an identification pattern 

detector 44 shown in FIG. 3; 

FIG. 5 is a block diagram structurally showing the 

second stage of the circuit of the identification pat- 
50 tern detector 44 shown in FIG. 3; 

FIG. 6 is a block diagram structurally showing the 

third stage of the circuit the identification pattern 

detector 44 shown in FIG. 3; 

FIG. 7 is a block diagram showing the detailed 
55 structure of an initial phase position detector 45 

shown in FIG. 3; 

FIG. 8 is a diagram for explaining, in detail, a rule a 
in FIG. 7; 
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FIG. 9 is a diagram, relevant to the rule a in FIG. 8, 
for explaining a manner of selecting a clock signal 
dkopT having an optimal phase position tyopj, 
FIG. 10 is a diagram, relevant also to the rule a in 
FIG. 8 as FIG. 9, for explaining a manner of select- 5 
ing the clock signal clkopT having the optimal phase 
position <|>optI 

FIG. 1 1 is a block diagram showing the detailed 
structure of a clock phase adjuster 5 shown in FIG. 
1; w 
FIG. 12 is a block diagram showing the detailed 
structure of an edge detector 52 shown in FIG. 1 1 ; 
FIGS. 13A and 13B are schematic diagrams each 
showing an exemplary burst-mode data waveform 
to be provided to the digital PLL circuit 1 ; 15 
FIGS. 14A and 14B are diagrams each for explain- 
ing a relationship between an edge position <>edge 
indicated by an EDGE POSITION generated by the 
edge detector 52 in FIG. 11 and a previous optimal 
phase position <t>opT'; 20 
FIGS. 15A and 15B are diagrams each showing a 
relationship between an evaluation obtained by a 
selector 54 in FIG. 11 and a difference generated 
between a recent center point CP PRE and the previ- 
ous optimal phase position §opj\ 25 
FIGS. 16A and 16B are diagrams each explaining a 
manner of adjusting the phase position <(>opt ' n an 
optimal phase position holder 51 in FIG. 1 1; 
FIG. 17 is a block diagram showing the detailed 
structure of a data recovery circuit 6 in FIG. 1 ; 30 
FIG. 18 is a diagram showing exemplary phase 
positions <t>(t>i) to ♦ (b+1) selected by a selector 61 in 
FIG. 17; 

FIG. 19 is a block diagram showing the structure of 
an optical receiving circuit 1 4 according to a second 35 
embodiment of the present invention; 
FIG. 20 is a block diagram showing the structure of 
an optical receiving circuit 20 according to a third 
embodiment of the present invention; 
FIGS. 21 A, 21 B, and 21 C are diagrams each show- 40 
ing an exemplary waveform of an optical burst- 
mode signal, a bi-phase signal and a reference sig- 
nal, and an output signal from an inverter 224; 
FIG. 22A is a diagram for explaining an offset value 
v offset t0 De added to the reference signal; 45 
FIG. 22B is a diagram showing an exemplary wave- 
form of a differential signal provided by a compara- 
tor 222; 

FIG. 22C is a diagram showing an exemplary wave- 
form of the burst-mode data provided by a differen- so 
tial amplifier 223; 

FIGS. 23A and 23B are diagrams each showing an 
exemplary waveform of incoming burst-mode data 
and those of clock signals clk 1 to clkg generated in 
the digital PLL circuit 1 in FIG. 20; and 55 
FIG. 24 is a block diagram showing the detailed 
structure of a comparison circuit 22 shown in FIG. 
20. 



DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

(First Embodiment) 

[0068] Depicted in FIG. 1 is a block diagram show- 
ing the structure of a digital PLL circuit 1 according to a 
first embodiment of the present invention. In FIG. 1 , the 
digital PLL circuit 1 is provided with a clock generator 2, 
a sampling circuit 3, a preamble detector 4, a clock 
phase adjuster 5, and a data recovery circuit 6. 
[0069] Through a signal line 8, the clock generator 
2 is supplied with a system clock clk s , a phase of which 
is c|> s . The clock generator 2 branches the received sys- 
tem clock clk s into n (where n is a positive integer, 
exemplarily n=8 in FIG. 1). By using an internal delay 
line or a frequency divider, for example, the clock gener- 
ator 2 then shifts the n-branched system clocks clk s in 
phase, preferably in a uniform manner, and thus n clock 
signals cl^ to clk n are generated. Specifically, assum- 
ing that phase positions of the clock signals clk<| to clkp 
are ^ to <|> n , a phase differential Aty satisfies 

A<t> = <t»i - ( t ) 2 = < J ) 2" < t > 3-- = < t > n-1' < t ) n = ( t , n' ( t , 1- 
[0070] Herein, as is known from FIG. 2B, the phase 

positions fy^ to <j> n are respectively at an edge (in this 

embodiment, leading edge) of the clock signals clk 1 to 

clk n . These clock signals clk-| to clk n are forwarded to 

both the sampling circuit 3 and the data recovery circuit 

6. 

[0071] The digital PLL circuit 1 in FIG. 1 is supplied 
with intermittently-generating digital data (hereinafter, 
burst-mode data). As shown in FIG. 2A, a non signal 
period T 1 is observed before and after a signal period 
T 2 . The non signal period is a time interval having no 
burst-mode data transmitted, and the signal period T 2 
having the burst-mode data transmitted. Such burst- 
mode data is provided to the sampling circuit 3 through 
a signal line 9. The sampling circuit 3 is also provided 
with the clock signals clk<, to clkp from the clock genera- 
tor 2. After branching the received burst-mode data into 
n, the sampling circuit 3 samples the n-branched burst- 
mode data utilizing the clock signals clk 1 to clk n (see 
FIG. 2B), and thus 1 st to /7 th sampled burst-mode data 
is generated. The 1 st to /7 th sampled burst-mode data is 
transmitted, through a data bus 7, to the preamble 
detector 4, the clock phase adjuster 5, and the data 
recovery circuit 6, respectively. 

[0072] By referring to the 1 st to n th sampled burst- 
mode data, the preamble detector 4 detects a head of 
the burst-mode data provided to the digital PLL circuit 1 , 
and then sends out a signal indicating the detection 
(hereinafter, PREAMBLE-DETECTED signal) to a sig- 
nal line 10. The PREAMBLE-DETECTED signal is 
received by both the clock phase adjuster 5 and the 
data recovery circuit 6. 

[0073] As stated above, the 1 st to n m sampled 
burst-mode data has been sampled with the clock sig- 
nals cl^ to clk n . Accordingly, any one of the phase posi- 
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tions <(> 1 to <j> n may come at an approximate-center point 
CP between a leading edge LE and a falling edge FE of 
each bit (length therebetween is hereinafter referred to 
as one-bit width BW). The phase <|> b (where b is any 
number from 1 to n) satisfying the above positional con- 
dition is regarded as an optimal phase position <^ OPT for 
processing carried out in the data recovery circuit 6 
(later described). In the example shown in FIG. 2B, n is 
8, and the clock signal clk 5 is the optimal phase position 
♦opt The preamble detector 4 detects a head of the 1 st 
to n th sampled burst-mode data, and then the optimal 
position <t> 0 PT fortne detected head. Thereafter, the pre- 
amble detector 4 transmits information specifying the 
detected optimal phase position <t> OPT (hereinafter, INI- 
TIAL PHASE POSITION) to the clock phase adjuster 5 
through a bus 11. 

[0074] Herein, the center point CP of each bit may 
vary with time due to possibilities for pulse width distor- 
tion or jitter superimposed on the burst-mode data. 
Therefore, although the INITIAL PHASE POSITION 
surely indicates the optimal phase position <j> OPT at the 
head of the burst-mode data, there is no assurance 
therefor after a lapse in time. 

[0075] In response to the PREAMBLE-DETECTED 
signal, the clock phase adjuster 5 starts operation, and 
then so adjusts that the optimal phase position <t> OPT fo '" 
lows the time-varying center point CP of each bit. Spe- 
cifically, immediately after start-up, the clock phase 
adjuster 5 receives both INITIAL PHASE POSITION 
through the bus 11 and the 1 st to n th sampled burst- 
mode data through the data bus 7. The clock phase 
adjuster 5 then transmits the optimal phase position 
♦opt indicated by the received INITIAL PHASE POSI- 
TION as an OPTIMAL PHASE POSITION, without any 
change, to the data recovery circuit 6 through a bus 1 2. 
Thereafter, based on the transmitted OPTIMAL PHASE 
POSITION and the 1 st to n th sampled burst-mode data, 
the clock phase adjuster 5 finds the recently optimal 
phase position (J> OPT among (j^ to <f> n , and then transmits 
the OPTIMAL PHASE POSITION as information indi- 
cating the recently optimal phase position $ 0 pj to the 
data recovery circuit 6 through the bus 12. From then 
and onwards, the clock phase adjuster 5 repeats the 
operation of generating and transmitting the OPTIMAL 
PHASE POSITION indicating the recently optimal 
phase position <|>opt 

[0076] In response to the PREAMBLE-DETECTED 
signal, the data recovery circuit 6 starts operation, and 
then recovers the burst-mode data. Immediately after 
start-up, the data recovery circuit 6 receives both the 
OPTIMAL PHASE POSITION through the bus 12 and 
the 1 st to n th sampled burst-mode data through the data 
bus 7. Further, the data recovery circuit 6 receives the 
clock signals cl^ to clk n generated by the clock genera- 
tor 2. The data recovery circuit 6 recovers the received 
1 st to n th sampled burst-mode data, and then writes a 
bit string into an internal elastic buffer 64 (see FIG. 1 7). 
This writing is done according to a clock signal clk b 



(where b is any number from 1 to n) having the optimal 
phase position <>opt indicated by the OPTIMAL PHASE 
POSITION. The data recovery circuit 6 then reads the 
bit string written into the elastic buffer 64 for output to a 

5 signal line 13 as the recovered burst-mode data. This 
reading is done according to the clock signal clk b having 
the same phase as the system clock clk s , therefore an 
output signal (recovered burst-mode data) from the data 
recovery circuit 6 synchronizes with the system clock 

10 clk s . In such manner, the digital PLL circuit 1 recovers 
the burst-mode data synchronized with the system clock 
clk s . 

[0077] Next, the detailed structure of the digital PLL 
circuit 1 shown in FIG. 1 is described. In the description 

15 next below, n is presumably 8. It means that the clock 
generator 2 generates, according to the system clock 
clk s , clock signals elk! to cIIcq having different phases 
one another for output to the sampling circuit 3. Herein, 
design specifications of the digital PLL circuit 1 change 

20 the number n, thus the present invention should not be 
limited to n = 8 in technical scope. 
[0078] The sampling circuit 3 samples the received 
burst-mode data utilizing the clock signals elk-j to clkg 
having different phases one another (see FIG. 2B) and 

25 generates 1 st to 8 th sampled burst-mode data for output. 
[0079] FIG. 3 shows the detailed structure of the 
preamble detector 4 in FIG. 1. In FIG. 3, the preamble 
detector 4 includes 8 shift registers 41 -j to 41 8 , 8 decod- 
ers 42 A to 42 8 , and a pattern/initial phase detector 43. 

30 [0080] The shift registers 41 -j to 41 8 each have the 
capacity for 7 bits. The shift register 41 ^ holds a series 
of 7 bits in the 1 st sampled burst-mode data for output to 
the decoder 42 v The shift registers 41 2 to 41 8 are simi- 
lar in function to the shift register 41 1( and differed only 

35 in a respect in outputting a series of 7 bits in the 2 nd to 
8 th sampled burst-mode data respectively to the decod- 
ers 42 2 to 42 8 . Therefore, the shift registers 41 2 to 41 8 
are not described. 

[0081] The decoders 42^ to 42 8 each previously 

40 store an identification pattern for specifying a head of 
the burst-mode data provided to the digital PLL circuit 1 . 
The decoder 42 -| is provided with the 1 st sampled burst- 
mode data for 7 bits from the shift register 41 ^ If a pat- 
tern of the provided 7 bits perfectly matches to the iden- 

45 tification pattern, the decoder 42^ sets an (i=7) signal 
line 42^ to "High". If a pattern of the recent 6 bits out of 
the 7 bits matches to the identification pattern, an (/=6) 
signal line 42 12 is set to "High". Similarly, if a pattern of 
the recent 5 bits shows matching, an (/=5) signal line 

so 42 13 is set to "High". The decoders 42 2 to 42 8 are simi- 
lar in function to the decoder 42^ and differed only in a 
respect in carrying out processing as described above 
based on the series of 7 bits from the shift registers 41 2 
to 41 8 . Therefore, the decoders 42 2 to 42 8 are not 

55 described. 

[0082] The pattern/initial phase detector 43 
receives decoding results obtained by the decoders 42 ^ 
to 42 8 through 8 (/=7) signal lines 42-, ^ to 42 81 , 8 (/=6) 
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signal lines 42 12 to 42 82 , and 8 (/=5) signal lines 42-| 3 to 
4233. The pattern/initial phase detector 43 includes an 
identification pattern detector 44, which generates, with 
the received decoding results, a PREAMBLE- 
DETECTED signal which is a signal indicating the 5 
detection of the head of the burst-mode data for output 
to the signal line 10. The pattern/Initial phase detector 
43 also includes an initial phase position detector 45, 
which detects, with the decoding results, the optimal 
phase position $opt among the phase positions <|) 1 to (j> 8 10 
for discrimination of the head of the burst-mode data 
provided to the digital PLL circuit 1. The initial phase 
position detector 45 outputs the detected optimal phase 
position (J> OPT to the bus 1 1 as an INITIAL PHASE 
POSITION. Next below, the identification pattern detec- 15 
tor 44 is described in detail by referring to FIGS. 4 to 6, 
and the like, and then the initial phase position detector 
45 is described in detail by referring to FIG. 7, and the 
like. 

[0083] As shown in FIGS. 4 to 6, the identification 20 
pattern detector 44 includes 8 AND gates 441 to 441 8 , 
an OR gate 443, 8 AND gates 445! to 445 8 , an OR gate 
447, 8 AND gates 44^ to 449 8> and OR gates 441 1 and 
4413. 

[0084] In FIG. 4, to the AND gate 441 1, 5 (/=7) sig- 25 
nal lines 42 n to 42 51 are coupled. The AND gate 441 ^ 
performs logical operation with respect to inputs from 
the (/=7) signal lines 42 n to 42 51 , and outputs a result 
obtained thereby to the signal line 442 v The AND gate 
441 2 performs logical operation with respect to inputs 30 
from 5 (i=7) signal lines 42 2 i to 42 61 , and outputs a 
result obtained thereby to the signal line 442 2 - Similarly, 
other AND gates 441 3 to 441 8 perform logical operation 
with respect to inputs from 5 (;'=7) signal lines 42 as 
shown in the drawing. Results obtained from the AND 35 
gates 441 3 to 441 8 are forwarded to signal lines 442 3 to 
442 8 . The OR gate 443 performs logical operation with 
respect to the results obtained from the AND gates 441 
to 441 8 through the signal lines 442-, to 442 8 for output 
to a signal line 444. 40 
[0085] In FIG. 5, to the AND gate 445^ 6 (/=6) sig- 
nal lines 42 -i 2 to 42 62 are coupled. The AND gate 445! 
performs logical operation with respect to inputs from 
the (/=6) signal lines 42 12 to 42 62 , and outputs a result 
obtained thereby to a signal line 446. Similarly, other 45 
AND gates 445 2 to 445 8 perform logical operation with 
respect to inputs from 6 (/=6) signal lines 42 respec- 
tively coupled as shown. Results obtained thereby are 
forwarded to signal lines 446 2 to 446 Q . The OR gate 447 
performs logical operation with respect to the results 50 
obtained from the AND gates 446! to 446 8 through the 
signal lines 446i to 446 8 for output to a signal line 448. 
[0086] In FIG. 6, the AND gate 449! performs logi- 
cal operation with respect to inputs from (/=5) signal 
lines 42! 3 to 42 73 coupled thereto, and a result obtained 55 
thereby is outputted to a signal line 4410!. Similarly, 
other AND gates 449 2 to 449 8 perform logical operation 
with respect to inputs from 7 (/=5) signal lines 42 



respectively coupled as shown. Results obtained 
thereby are forwarded to signal lines 441 0 2 to 441 0 8 . 
The OR gate 4411 performs logical operation with 
respect to the results obtained from the AND gates 449i 
to 449 8 through the signal lines 4410! to 441 0 8 for out- 
put to a signal line 4412. 

[0087] The OR gate 4413 is provided with the 
results of the OR gates 443, 447, and 441 1 through the 
signal lines 444, 448, and 4412. The OR gate 4413 per- 
forms logical operation with respect to the results, and 
then outputs a result obtained thereby as a PREAM- 
BLE-DETECTED signal. 

[0088] As described in the foregoing, the burst- 
mode data provided to the digital PLL circuit 1 may have 
pulse width distortion and/or jitter. Such pulse width dis- 
tortion and/or jitter may cause the preset one-bit width 
BW of the burst-mode data to vary with time. It is now 
described why the shift registers 41 ! to 41 8 each have 
the capacity for 7 bits (equivalent to a natural number / 
in claims), and why the number of bits (equivalent to j or 
k in claims) for the decoders 42! to 42 8 to handle is 5 to 
7. The description is made for a case where the one-bit 
width BW varies in a range of 5/8 to 1 1/8 compared with 
a preset (value). 

[0089] As is known from the non signal period T! in 
FIG. 2A, the digital PLL circuit 1 receives randomly-gen- 
erated data varied in level between "High" and "Low". 
Therefore, if the sampling circuit 3 samples such ran- 
domly-generated data utilizing the clock signals elk! t0 
clke (see FIG. 2B), a signal to be outputted therefrom as 
1 st to 8 th sampled burst mode data may have a 50/50 
(0.5) possibility for "High" or "Low 0 . 
[0090] The AND gate 441 ! in FIG. 4 is now referred 
to. The AND gate 441 ! is coupled to the (*=7) signal 
lines 42! 1 to 42 5i . A probability Pe! for the (/=7) signal 
lines 42! 1 to 42 51 a " being set to "High" is the fifth power 
of a value being the seventh power of the probability 0.5, 
and is expressed by the following equation (1). Herein, 
the value obtained by the equation (1 ) is also a probabil- 
ity for the AND gate 441 ! outputting "High". 

Pe! =(0.5 7 ) 5 = 2.9* 10 ( " 11) (1) 

[0091] Similarly, the AND gates 441 2 to 441 8 each 
output "High" with the probability obtained by the equa- 
tion (1). 

[0092] Next, the AND gate 445i In FIG. 5 is referred 
to. In the case that the (i=6) signal lines 42 i2 to 42^ are 
all set to "High", the AND gate 445 t outputs "High". A 
probability Pe 2 for the AND gate 445! outputting "High" 
is, as expressed by an equation (2) below, the sixth 
power of a value being the sixth power of the probability 
0.5. 

Pe 2 = (0.5 6 ) 6 = 1.5*10 ( * 11) (2) 

[0093] Similarly, the AND gates 4452 t0 445 8 eacn 
output "High" with the probability obtained by the equa- 
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tion (2). 

[0094] Next, the AND gate 449-, in FIG. 6 is referred 
to. In the case that the (/=5) signal lines 42 13 to 42 73 are 
ail set to "High", the AND gate 449 1 outputs "High". A 
probability Pe 3 for the AND gate 449 1 outputting "High" 
Is, as expressed by an equation (3) below, the seventh 
power of a value being the fifth power of the probability 
0.5. 

Pe 3 = (0.5 5 ) 7 = 2.9* 10 ( " 11) (3) 

[0095] Similarly, the AND gates 449 2 to 449 8 each 
output "High" with the probability obtained by the equa- 
tion (3). 

[0096] As is known from the above, if the digital PLL 
circuit 1 receives such randomly-generated data (a sig- 
nal whose value is invariable), a probability for any one 
of the AND gates 441 1 to 441 8 , the AND gates 445! to 
445 8 , and the AND gates 449^ to 449 Q outputting 
"High", i.e., a probability for a PREAMBLE-DETECTED 
signal indicating "High" is denoted by Pe 1f Pe 2 , and Pe 3 . 
In other words, the probabilities Pe 1f Pe 2 , and Pe 3 each 
denote a probability for erroneously detecting, as the 
head of the burst-mode data, an incoming signal whose 
value is invariable. Herein, for a communication system 
requiring a bit error rate of 10^ for transmission quality, 
the probabilities Pe 1f Pe 2 , and Pe 3 are regarded as 
being sufficiently small. Therefore, even if any bit error is 
caused in the digital PLL circuit 1 due to the erroneous 
detection of the head, the preamble detector 4 shows 
no problem for practical use. 

[0097] Further, to each of the AND gate 44^ to 
441 8 , only 5 (/=7) signal lines 42 are coupled. It means 
that the AND gates 441 ! to 44 1 8 correctly output "High" 
and "Low" as long as a bit width of the incoming burst- 
mode data is 5/8 or wider compared with a preset one- 
bit width BW. Similarly, the AND gates 445! to 445 8 cor- 
rectly output "High" and "Low" with the bit width being 
6/8 or wider, and the AND gates 449-, to 449 8 with the 
bit width being 7/8 or wider. Even if varied, the bit width 
of the incoming burst-mode data never becomes 5/8 or 
less compared with the one-bit width BW. In this case, 
the AND gates 441 1 to 441 8 , 445-, to 445 8 , and 449! to 
449 a can correctly detect the head of the burst-mode 
data with high accuracy even if the bit width varies. 
[0098] When every series of 7 bits held in 5 shift 
registers 41 b to 41 (b+4) (note: 41 (b+4) is 41 1 when 
(b+4)=9, 41 2 when (b+4)=10, 41 3 when (b+4)=11, and 
41 4 when (b+4)=12) perfectly agrees in pattern with the 
identification pattern, the AND gate 441 b (b = 1 , 2..., 8) 
determines that the head of the incoming burst-mode 
data is detected. At this time, the OR gate 4413 outputs 
a PREAMBLE-DETECTED signal. As such, by using 
bits as many as possible (i.e., 7 bits) to see agree- 
ment/disagreement with the identification pattern, the 
head of the incoming burst-mode data can be detected 
with high accuracy. 

[0099] When every pattern of 6 recent bits in a row 



held in 6 shift registers 41 b to 41 (b+5) (note: 41 (tH . 5) is 
41 1 when (b+5)=9, 41 2 when (b+5)=10, 41 3 when 
(b+5)=11, 41 4 when (b+5)=12, and 41 5 when 
(b+5)=13,) perfectly agrees in pattern with the identifica- 
5 tion pattern, the AND gate 445 b [b = 1, 2..., 8) deter- 
mines that the head of the incoming burst-mode data is 
detected. 

[0100] When every pattern of 5 recent bits in a row 
held in 7 shift registers 41 b to 41( b+6) (note: 41 (tH . 6) is 

w 41 ! when (b+6)=9, 41 2 when (b+6)=10, 41 3 when 
(b+6)=1 1 , 41 4 when (b+6)=12, 41 5 when (b+6)=13, and 
41 6 when (b+6)=1 4,) perfectly agrees in pattern with the 
identification pattern, the AND gate 449 b (b = 1, 2..., 8) 
determines that the head of the incoming burst-mode 

15 data is detected. 

[0101] As such, by using bits as many as possible 
(i.e., recent 5 or 6 bits) to see agreement/disagreement 
with the identification pattern, the head of the incoming 
burst-mode data can be swiftly detected. Herein, simply 

20 using bits fewer in number leads to a higher probability 
for erroneously detecting the head of the burst-mode 
data. To prevent such problem, in this embodiment, the 
number (equivalent to q in claims) of the decoders 42 
(i.e., shift registers 41) to be coupled to the AND gates 

25 445 b or 449 b is increased. In detail, the AND gate 445! 
is coupled to 6 decoders 42! t0 42 6 ( 6 shift registers 41 ! 
to 41 6 ) through 6 (/=6) signal lines 42 12 to 42 62 . The 
AND gate 449! is coupled to 7 decoders 42! t0 42 7 ( 7 
shift registers 41! to 41 7 ) through 7 (/=5) signal lines 

30 42! 3 to 42 73 . Herein, an expression of "a series of q 
decoders" in claims means q decoders 42 receiving 1 st 
to q th sampled burst-mode data (obtained by sampling 
the input burst-mode signal utilizing q clock signals cll^ 
in a row). 

35 [0102] The pulse width distortion varies depending 
on a communication system into which the digital PLL 
circuit 1 is incorporated. Accordingly, the capacity of the 
shift registers 41 ! to 41 8 and the number of bits to be 
handled by the decoders 42! to 42 8 need t0 be optimally 

40 selected according to the specifications such as a bit 
rate required by the communication system. To be more 
specific, the present invention should not be limited in 
technical scope to the shift registers 41 A to 41 8 being 7 
bits in capacity or the number of bits to be handled by 

45 the decoders 42! to 42 8 being 5 to 7. 

[0103] In order to change a probability for errone- 
ously detecting the head, there are exemplary three 
manners: increase/decrease the number of stages 
and/or capacity of the shift registers 41; 

so increase/decrease the number of bits for the decoders 
42 to make a determination; and increase/decrease the 
number of signal lines 42 to be coupled to the AND 
gates 441 , 445 and/or 449. 

[0104] Next, the initial phase position detector 45 is 
55 described in detail with reference to FIG. 7. In FIG. 7, 
the initial phase position detector 45 is provided with the 
results obtained by the AND gates 441 ^ to 441 8 . 445! t0 
445 8 , and 449! to 449 8 through the signal lines 442! to 
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442 8 , 446! to 446 8 , and 441 0^ to 441 0 8 . On reception of 
the results, the initial phase position detector 45 oper- 
ates in accordance with a predetermined rule a (see 
FIG. 8) so as to detect a clock signal cII<opt having the 
optimal phase position <)>opt- Herein, the clock signal 
c ' k oPT iS anv one °f tne c ' oc k signals clk 1 to clk 8 . The 
rule a in FIG. 8 shows pairs of AND gate outputting the 
result indicating "High" and the clock signal clkopT to De 
selected. For instance, the clock signal clk 3 is selected 
when the AND gate 441 i outputs "High" as shown at the 
top line, and the clock signal CIK4 is selected when the 
AND gate 441 2 outputs "High" as shown in the second 
line. From then and onwards, the optimal clock signal 
clkoPT 's selected as shown. 

[0105] The rule a in FIG. 8 is set as described next 
below. In FIG. 9A, the one-bit width BW and the phase 
differentia! are both known. For example, for the AND 
gate 441 ! to output "High", 5 (/=7) signal lines 42^ to 
42 51 are to be set to "High" (see FIGS. 3 and 4). In 
detail, as shown in FIG. 9B, even if jitter is occurred in 
the bits of the burst-mode data, the bits cover at least 
the phase positions fa to $5. The clock signal clk 3 thus 
has the highest possibility for coming to the center point 
CP of each bit. If this is the case, as shown in FIG. 8, 
with the AND gate 441 -j outputting "High", the clock sig- 
nal clk 3 is selected. Similarly, the clock signals clk 4 to 
clk 8 are respectively selected with the AND gates 441 2 
to 441 6 outputting "High", and the clock signals clk 1 and 
clk 2 with the AND gates 441 7 and 441 8 . 
[0106] In FIG. 8, for the AND gate 445! to output 
"High", 6 (/=6) signal lines 42-, 2 to 42 62 are to be set to 
"High" (see FIGS. 3 and 5). In detail, as shown in FIG. 
9C, the bits of the burst-mode data drift in a range cov- 
ering at least the phase positions fa to <(> 6 . Accordingly, 
the clock signal clk 3 has the highest possibility for com- 
ing to the center point CP of each bit. If this is the case, 
as shown in FIG. 8, with the AND gate 445i outputting 
"High", the clock signal clk 3 is selected. Similarly, the 
clock signals cll<4 to cll^ are respectively selected with 
the AND gates 445 2 to 445 6 outputting "High", and the 
clock signals elk! and clk 2 with the AND gates 445 7 and 
445 8 . 

[0107] Further, in FIG. 8, for the AND gate 449-, to 
output "High", 7 (/=5) signal lines 42^ 3 to 42 73 are to be 
set to "High" (see FIGS. 3 and 6). In detail, as shown in 
FIG. 10, the bits of the burst-mode data drift in a range 
covering at least the phase positions to Accord- 
ingly, the clock signal cll<4 has the highest possibility for 
coming to the center point CP of each bit. If this is the 
case, as shown in FIG. 8, with the AND gate 449! out- 
putting "High", the clock signal clk 4 is selected. Simi- 
larly, the clock signals clk 5 to elks are respectively 
selected with the AND gates 449 2 to 449 5 outputting 
"High", and the clock signals elk! to clk 3 with the AND 
gates 449 6 to 449 8 . 

[0108] According to such rule a, the initial phase 
position detector 45 specifies the clock signal clko PT 
being in closest vicinity to the center point CP of each 



bit. The initial phase position detector 45 generates a 
value indicating the specified clock signal clkopr f° r 
transmission to the clock phase adjuster 5 (see FIG. 11) 
as an INITIAL PHASE POSITION. 

5 [01 09] Next, the clock phase adjuster 5 is described 
in detail with reference to FIG. 1 1 . In FIG. 1 1 , the clock 
phase adjuster 5 includes an optimal phase holder 51 , 
an edge detector 52, 7 registers 53! to 53 7 , a selector 
54, an address controller 55, a counter 56, a register 57, 

10 an adder 58, a divider 59, an up-pulse generation part 
510, and a down-pulse generation part 51 1 . 
[0110] The optimal phase holder 51 starts opera- 
tion in response to the PREAMBLE-DETECTED signal. 
The optimal phase holder 51 then holds the received 

15 value (i.e., the clock signal clko PT ) indicated as the INI- 
TIAL PHASE POSITION. The optimal phase holder 51 
then holds the clock signal clkopj recently on hold as an 
initial value. Then, the optimal phase holder 51 trans- 
mits information indicating the clock signal clkopT 

20 recently on hold as an OPTIMAL PHASE POSITION to 
the selector 54 and the data recovery circuit 6 (later 
described) through the bus 12. 

[0111] The phase position <(>opt 0- e -» the clock sig- 
nal clkop T ) specified by the INITIAL PHASE POSITION 

25 is obtained from the head of the incoming burst-mode 
data. Therefore, although the phase position <j> OPT is ini- 
tially valid, there is no assurance therefor after a lapse in 
time. This is because pulse width distortion and/or jitter 
causes the center point CP of each bit to vary with time. 

30 To get around such problem, the clock phase adjuster 5 
have the optimal phase position <|)opt come to the 
center point CP of each bit. 

[0112] The edge detector 52 detects, according to 
the 1 st to 8 th sampled burst-mode data transmitted 

35 through the data bus 7, an edge position <>edge at the 
front edge LE (leading edge) orthe rear edge RE (falling 
edge) of each bit. The detected edge position (|>edge is 
transmitted to the selector 54 and the counter 56 as an 
EDGE POSITION through a bus 512. To be more spe- 

40 cific, the edge detector 52 has such structure as shown 
In FIG. 12. In FIG. 12, the edge detector 52 includes 8 
exclusive OR circuits 521 ! to 521 8> 8 decision circuits 
522i to 522 8 , 8 AND gates 523! to 523 8 , and D-type 
flip-flop amplifiers 524! to 524 8 . 

45 [01 1 3] An exclusive OR circuits 521 b (where b = 1 , 
2..., 8) is provided with 0 th to (b+1 ) m sampled burst- 
mode data obtained by sampling utilizing two clock sig- 
nals elkb and clk( b+1 ) adjoining in phase to each other 
(note that, when b = 8, clk^j is clki). For example, the 

50 exclusive OR circuit 521 ! is provided with the 1 st and 
2 nd sampled burst-mode data, and the exclusive OR cir- 
cuit 521 8 with the 8 th and 1 st sampled burst-mode data. 
[0114] The exclusive OR circuit 521 b calculates an 
exclusive OR of the received b th and the (b+1) th burst- 

55 mode data so as to detect a transition point in level from 
"High" to "Low" or from "Low" to "High". When detected 
any transition point, the exclusive OR circuits 521 b out- 
puts "High", otherwise outputs "Low". 
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[0115] Herein, the exclusive OR circuit 521 b detects 
two types of transition points. The first transition point is 
the one resulted from the leading edge LE and the fall- 
ing edge FE, and indicates an edge position necessary 
for the clock phase adjuster 5. In the example shown in 
FIG. 13A. th leading edge LE of each bit is located 
between the phase positions fa and (j> 2 . In this case, the 
exclusive OR circuit 521 n outputs "High" but not others. 
[0116] The second transition point is the one 
resulted from any noise superimposed on the incoming 
burst-mode data. The exclusive OR circuit 521 b detects 
even such unwanted transition point as the second. As 
shown in FIG. 13B, in the case that noise (see arrow p) 
is instantaneously generated, the exclusive OR circuits 
52^ and 521 2 both output "High*. Since the clock 
phase adjuster 5 only needs positional information 
about the leading edge LE and falling edge FE for each 
bit, there is no need to detect the second transition point 
resulted from noise. 

[0117] A decision circuit 522 b (where 6 = 1, 2..., 8) 
is provided with (b+1) th to (b+5) th sampled burst-mode 
data obtained by sampling utilizing 5 clock signals 
c,k (b+i) t0 clk (tH . 5 ) whose phase positions are in a row. 
For example, the decision circuit 522-, is provided with 
the 2 nd to 6 th sampled burst-mode data, and the deci- 
sion circuit 522 8 with the 1 st to 5 th sampled burst-mode 
data. 

[0118] The decision circuit 522 b includes AND 
gates 522 b1 and 522 b2 , and an OR gate 522^3. For con- 
venience, FIGS. 12A and 12B show the structure of the 
decision circuit 522 1 but not that of other decision cir- 
cuits 522 2 to 522 8 as being identical. Herein, the struc- 
ture of the decision circuit 522 1 is representatively 
described. The AND gate 522-,-, receives the 2 nd to 5 th 
sampled burst-mode data without any change. When 
the incoming burst-mode data has such waveform as 
shown in FIG. 13A, the sampled burst-mode data all 
indicate "High". Therefore, the AND gate 522-,-, outputs 
"High". In detail, the AND gate 522 1 ^ detects whether or 
not the sampled burst-mode data keeps indicating 
"High" at the phase positions <)> 2 to When the incom- 
ing burst-mode data has such waveform as in FIG. 13B, 
on the other hand, any one of the sampled burst-mode 
data indicates "Low", and thus the AND gate 522 n out- 
puts "Low". Herein, the AND gate 522 12 is provided with 
the inverted 2 nd to 5 th sampled burst-mode data, there- 
fore outputs "High". In detail, the AND gate 522! 2 
detects whether or not the sampled burst-mode data 
keeps indicating "Low" at the phase positions to 
Further, outputs from the AND gates 522-,-, and 522 12 
are forwarded to the OR gate 522 13 . If either of these 
outputs indicates "High", the OR gate 522 13 outputs 
"High". 

[0119] Other decision circuit 522 2 to 522 8 operate 
in a similar manner to the decision circuit 522-, with dif- 
ferent sampled burst-mode data, and detects whether 
or not the sampled burst-mode data keeps indicating 
"High" or "Low" at the phase positions § b to <t>( b+ 4). 



[0120] An AND gate 523 b (where b = 1 , 2..., 8) cal- 
culates a logical multiplication of an output from the 
above-described exclusive OR circuit 521 b and an out- 
put from the decision circuit 522 b . In detail, when the 

5 exclusive OR circuit 521 b detects the transition point 
from "High" to "Low" or from "Low" to "High" and when 
the decision circuit 522 b detects continuity of "High" or 
"Low", the AND gate 523 b outputs "High". By taking the 
case in FIG. 13A as an example, only the AND gate 

ro 523! outputs "High", and thus the first transition point 
resulted from the leading edge LE is detected between 
the phase positions fa and <t> 2 . By taking the case in 
FIG. 13B as an example, even if the transition point is 
observed between the phase positions fa and <|> 2 , the 

15 AND gate 523 b does not output "High" without the deci- 
sion circuit 522 b detecting continuity of "High". That is, 
the AND gate 523! determines that the transition point 
between the phase positions cf> ^ and § 2 ' s not resulted 
from the leading edge LE or the falling edge FE but the 

20 noise (see arrow 3). 

[0121] As is described in the foregoing, the combi- 
nation of the AND gate 521 ^ the decision circuit 522 b , 
and the AND gate 523 b makes it possible to detect only 
the first transition point resulted from the leading edge 

25 LE or the falling edge FE. 

[0122] A D-type flip-flop amplifier 524 b (6 = 1, 2..., 
8) holds the output from the AND gate 523 b coupled 
thereto. The values held by the flip-flop amplifiers 524! 
to 524 8 are transmitted with the same timing and are 

30 superimposed on the bus 512. In this manner, an EDGE 
POSITION having an 8-bit width is generated. The 
EDGE POSITION specifies the edge position ()>edge as 
any one of the phase positions §^ to (j> 8 . In the case in 
FIG. 13A, only the flip-flop amplifier 524-, outputs "High" 

35 and others "Low". Accordingly, the EDGE POSITION 
indicates (Hi, Lo, Lo, Lo, Lo, Lo, Lo, Lo). If this is the 
case, the edge position <|>edge is between the phase 
positions and <|> 2 . 

[0123] As described above, the edge detector 52 

40 responds only to the level change resulted from the 
leading edge LE or the falling edge FE. Further, the 
edge detector 52 transmits, to the selector 54 and the 
counter 56 through the bus 512, the EDGE POSITION 
indicating the detected edge position <)>edge witn tne 

45 phase position <|> b . 

[0124] Refer to FIG. 11 again. The selector 54 
receives an EDGE POSITION and an OPTIMAL 
PHASE POSITION. Hereinafter, for clarity, the optimal 
position <t> OPT indicated by the OPTIMAL PHASE POSI- 

50 TION received by the selector 54, i.e., the OPTIMAL 
PHASE POSITION recently held by the optimal phase 
holder 51 is referred to as a previous optimal phase 
position <J>opt'- With reference to FIGS. 14A and 14B, it 
is now described the relationship between the edge 

55 position <(>edge indicated by the EDGE POSITION and 
the previous optimal phase position <t>opT - As shown in 
FIG. 14A, the previous phase position ty OP j is the 
phase position judged as being in the closest vicinity to 
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the center point CP of each bit of the incoming burst- 
mode data in the last processing. However, due to 
pulse-width distortion and/or jitter, there is no assurance 
for the previous phase position <t> 0 PT remaining in the 
closest vicinity thereto after a lapse in time. Without 5 
being updated, as shown In FIG. 14B, the previous 
phase position <t> 0 p T ' may move off from the center point 
CP of each bit with a lapse in time. 
[0125] The one-bit width BW is variable and known. 
Accordingly, with conditionally no pulse width distortion to 
and/or jitter, a time d from the edge position <t> ED GE t0 
the center point CP is also known. Further, when a 
phase differential A$ between any two adjoining phase 
position is the same, the time d is proportional to the 
phase differential A(j>. With the time d supposedly being 15 
4*A(j> (i.e., 4/8 phase), the edge position ^edge P ,us 
4*A<(> denotes the position in the closest vicinity to the 
original center point CP. In other words, <(> EDGE + 4*A<)> 
denotes the recent center point CP (hereinafter, recent 
center point CP PRE ) with the highest certainty. 20 
[0126] The selector 54 performs the above- 
described operation so as to calculate the recent center 
point CP PRE . The edge position $ E DGE and tne recent 
center point CP PRE are each indicated by any one of the 
phase positions <t>i to <j> 8 . 25 
[0127] Then, the selector 54 compares the recent 
center point CP PRE with the previous optimal position 
<t> 0 p T '. If the comparison shows coincidence therebe- 
tween, the selector 54 extracts a weighting value "O" 
stored in the register 53 4 for output as an evaluation 30 
value H 0 M . If the recent center point CP PRE is advanced 
by 1/8 phase with reference to the previous optimal 
position ((Jopt'. as shown in FIG. 15A, the selector 54 
extracts a weighting value "-1 " stored in the register 53 3 
for output as an evaluation value B -1 M . If the recent 35 
center point CP PRE is retarded by 1/8 phase, as shown 
in FIG. 15B, the selector 54 extracts a weighting value 
stored in the register 53 5 for output as an evalua- 
tion value "+r. Similarly, when the recent center point 
CP PRE is advanced by 2/8 or 3/8 phase with reference 40 
to the previous optimal position <j>opT'» an evaluation 
value "-2" or "-3" is extracted. If the recent center point 
CP PRE is retarded by 2/8 or 3/8 phase, an evaluation 
value V2' or "+3" is extracted. As stated above, the 
selector 54 finds the recent center point CP PRE every 45 
time the EDGE POSITION is provided, and then obtains 
any one of the evaluation values "-3" to "+3". As is obvi- 
ous from the above, the evaluation value indicates how 
much the recent center point CP PRE is shifted from the 
previous phase position <|> OPT ' , and is transmitted from 50 
the selector 54 to the address controller 55. 
[0128] The EDGE POSITION is transmitted not 
only to the selector 54 but to the counter 56 through the 
bus 51 2. The counter 56 increments a count value every 
time the EDGE POSITION is provided (i.e., every time 55 
the edge position <fr EDGE is detected) for transmission to 
the address controller 55. To be more specific, the coun- 
ter 56 counts address positions 1 " to "x" for the address 



controller 55 to write the evaluation value. 
[0129] The address controller 55 receives the val- 
uation value and the count value. To a stage subse- 
quent thereto, the register 57 which can hold the 
evaluation value for x words (equivalent to x in claims) is 
coupled. To a region in which a unit word is stored, 
unique addresses "1" to "x" are each assigned. The 
address controller 55 writes the received evaluation 
value to an address of the register 57 indicated by the 
received count value. 

[0130] In this manner, the evaluation value is 
sequentially written into the register 57 every time the 
edge position <|> ED ge of each bit is detected. With the 
evaluation value accumulated for x words, the adder 57 
receives the evaluation value for x words from the regis- 
ter 57 so as to calculates a total thereof. Thereafter, the 
divider 59 divides the total by x. The average is thus 
taken for x-piece of evaluation values. The calculated 
average is forwarded to the up-pulse generation part 

510 and the down-pulse generation part 511. The up- 
pulse generation part 510 outputs an up-pulse to the 
optimal phase holder 51 only when the average is equal 
to or larger than N-1\ The down-pulse generation part 

511 outputs a down-pulse to the optimal phase holder 
51 only when the average is equal to or smaller than ■- 
1". 

[0131] The up-pulse and down-pulse each indicate 
that the center points CP PRE detected for x times are 
averagely advanced or retarded with respect to the pre- 
vious optimal phase position ♦opt'- Based on the 
received up-pulse or down-pulse, the optimal phase 
holder 51 generates a value indicating the recent opti- 
mal position <fr 0PTf and holds the value as a new OPTI- 
MAL PHASE POSITION. To be more specific, with the 
up-pulse provided, as shown in FIG. 16B, the position 
retarded from the previous optimal position ♦opt bv one 
phase differential A<|> is selected as the recent optimal 
phase position $ OPT . With the down-pulse provided, on 
the other hand, the recent optimal phase position <t>opT 
is, as shown in FIG. 16A, advanced from the previous 
optimal phase position <j> OPT , by one phase differential 
A<|>. Such new OPTIMAL PHASE POSITION is for- 
warded to the data recovery circuit 6 through the bus 
12. 

[0132] Either the up-pulse or the down-pulse is out- 
putted also to the counter 56. The counter 56 regards 
the received pulse as a reset signal, and restarts the 
counting operation. In this manner, the register 57 is 
constantly stored with the average of the x-piece evalu- 
ation values, and thus the recent optimal phase position 
0opt is updated whenever necessary. In such manner, 
the optimal phase holder 51 newly detects the optimal 
phase position <j> 0 PT on a predetermined time basis 
(every time the edge position <)>edge is detected for x 
times). Therefore, the optimal phase position <|> OPX 
always comes to the center point CP of each bit of the 
burst-mode data provided to the digital PLL circuit 1 . 
[01 33] Next, the data recovery circuit 6 is described 
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in detail with reference to FIG. 17. In FIG. 17, the data 
recovery circuit 6 includes a selector 61 , a decision cir- 
cuit 62, a pointer controller 63, an elastic buffer 64, and 
a reading circuit 65. Herein, the selector 61 and the 
decision circuit 62 structure a discriminator 66. 5 
[0134] The selector 61 is provided with the 1 st to 8 th 
sampled burst-mode data through the data bus 7 (see 
FIG. 1). The selector 61 also receives, through the bus 
12, the OPTIMAL PHASE POSITION indicating the 
optimal phase position <|> 0 p T , which is § b (where b is a w 
natural number from 1 to 8). The selector 61 selects a 
phase position <t>( b -i) before the optimal phase position 
♦opt ( tnat is . <t>t>) and a phase position (|>( b+1 ) thereafter 
every time the OPTIMAL PHASE POSITION is 
received. In the case that the optimal phase position 15 
<)>opt is ^5' as shown in FIG. 18, the phase positions (j> 4 
to 0 6 are selected. Thereafter, the selector 61 selects 
clock signals clk {t>1 ) to clk (b+1) whose phase positions 
are <)>(b-i) to <t>(b + i)- Then, the selector 61 selects only (b- 
1) th to (b+1)" 1 sampled burst-mode data obtained by 20 
sampling utilizing the clock signals clk^^ to clk (b+1) for 
output to the decision circuit 62. 

[0135] The pointer controller 63 receives the PRE- 
AMBLE-DETECTED signal, the OPTIMAL PHASE 
POSITION, and the clock signals clk-j to clk 8 having dif- 25 
ferent phases one another. In response to the PREAM- 
BLE-DETECTED signal, the pointer controller 63 starts 
operation. After start-up, the pointer controller 63 
selects, out of the clock signals clki to clk 8 , the clock 
signal clk b having the optimal phase position <|>opt (that 30 
is, ()» b ) indicated by the OPTIMAL PHASE POSITION. 
The pointer controller 63 synchronizes with the clock 
signal clk b (phase position <|> b ), and then increments the 
first count value for output to the decision circuit 62. The 
first count value indicates a writing address in the elastic 35 
buffer 64 (later described). 

[0136] According to the majority of the received (b- 
1) th to (b+1) th sampled burst-mode data, the decision 
circuit 62 determines which bit (level "High" or "Low") is 
to be written into the subsequent elastic buffer 64. For 40 
example, when the (b-1 ) th , the b th , and the (b+1 ) th sam- 
pled burst-mode data respectively indicate High", "Low", 
and "High", "High" is more in number than "Low". 
Accordingly, the level "High" is discriminated as a to-be- 
written bit (burst-mode data). Thereafter, the decision 45 
circuit 62 writes the discriminated bit (burst-mode data) 
to the elastic buffer 64 in an address indicated by the 
first count value provided from the pointer controller 63. 
Further, since the first count value is synchronized with 
the clock signal clk^ writing into the elastic buffer 64 is 50 
carried out in synchronization with the clock signal clk b . 
[0137] Note that, the decision circuit 62 is not struc- 
turally essential for the digital PLL circuit 1. However, 
the decision circuit 62 is preferably incorporated there- 
into as it improves the resistance to noise possibly 55 
occurring in the burst-mode data provided to the digital 
PLL circuit 1. Next below, it is described how the noise 
resistance is improved. Fundamentally, the discrimina- 



tor 66 writes only the b tn sampled burst-mode data 
selected by the selector 61 into the elastic buffer 64. In 
this manner, the object (discriminate between the non 
signal period and burst-mode data so as to correctly 
recover only the burst-mode data) of the digital PLL cir- 
cuit 1 can be achieved. 

[0138] Herein, the randomly-occurring noise may 
superimpose on the optimal phase position <|>opt Mb) °f 
the burst-mode data. If this is the case, the b th sampled 
burst-mode data obtained by sampling utilizing the clock 
signal clk b (phase position <f b ) may have a bit error. 
[0139] Some noise may be instantaneously super- 
imposed on the burst-mode data. Such noise, however, 
may be superimposed on the phase position ty b but not 
on the phase positions <t>( b -i) and <)>( b +i) in the vicinity 
thereof. It means that the (b-1) th and (b+1) th sampled 
burst-mode data barely has a bit error. 
[0140] As stated above, the decision circuit 62 
takes majority for the (b-1) th to (b+1) th sampled burst- 
mode data selected by the selector 61 . Therefore, with 
the decision circuit 62 incorporated, the bit to be written 
into the elastic buffer 64 is decreased in possibility for 
any noise-caused error. As a result, the resistance to 
noise possibly occurring in the burst-mode data can be 
improved. 

[0141] In the above, the selector 61 is set to select 
the (b-1) th to (b+1) th sampled burst-mode data, i.e., 
three sampled burst-mode data. However, the number 
is not restrictive and is fine as long as being plural 
(equivalent top p in claims). 

[0142] Refer to FIG. 17 again. After start-up, the 
pointer controller 63 outputs not only the first count 
value but the second. It is now described how the 
pointer controller 63 operates to output the second 
count value. Any one of the clock signals clk^ to elks 
provided to the pointer controller 63 is equal to the sys- 
tem clock clk s in phase position (|) S . The pointer control- 
ler 63 synchronizes with the system clock clk s (phase 
position <|> s ), and then increments the second count 
value for output to the reading circuit 65. The second 
count value indicates a reading address from the elastic 
buffer 64 (later described). 

[0143] The reading circuit 65 reads the burst-mode 
data written into the elastic buffer 64 from the address 
indicated by the second count value provided by the 
pointer controller 63. Since the second count value is 
synchronized with the system clock clk s , reading from 
the elastic buffer 64 is carried out also in synchroniza- 
tion with the system clock clk s . Note that, an initial value 
of the writing address of the decision circuit 62 and that 
of the reading address of the reading circuit 65 are pre- 
viously so set as to be logically furthermost to each 
other in the address region of the elastic buffer 64. The 
reading circuit 65 outputs the read bit string to the signal 
line 13 as the recovered burst-mode data. 
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(Second Embodiment) 



[0144] It is now described an optical receiving cir- 
cuit 14 according to a second embodiment of the 
present invention with reference to FIG. 19. In FIG. 19, 
the optical receiving circuit 14 includes an optical/elec- 
trical conversion device 15, a preamplifier 16, a linear 
amplifying circuit 17, a reference signal generator 18, a 
comparator 1 9, and the digital PLL circuit 1 . 
[0145] The optical/electrical conversion device 1 5 is 
typically implemented as a photodiode, and converts an 
intermittently-generating optical signal (hereinafter, 
optical burst-mode signal) into an electrical signal. The 
preamplifier 1 6 amplifies the electrical signal converted 
by the optical/electrical device 1 5 for output to the linear 
amplifier 17 in a stage subsequent thereto. The linear 
amplifying circuit 17, the reference signal generator 18, 
and the comparator 1 9 structure a so-called AGC (Auto- 
matic gain Control) amplifier, and constantly amplifies 
an amplitude value of the electrical signal for output To 
be more specific, the linear amplifying circuit 17 linearly 
amplifies the electrical signal from the preamplifier 16 
for output to the comparator 19. The reference signal 
generator 18 generates a reference signal for output to 
the comparator 19. 

[0146] The comparator 19 compares the electrical 
signal from the linear amplifying circuit 1 7 with the refer- 
ence signal from the reference signal generator 18. 
When the electrical signal is larger in value than the ref- 
erence signal, the comparator 19 outputs a signal indi- 
cating "High", otherwise a signal indicating "Low". In this 
manner, the burst-mode data described in the first 
embodiment is transmitted from the comparator 19 to 
the digital PLL circuit 1 . 

[0147] As is structurally and functionally similar to 
the one in the first embodiment, the digital PLL circuit 1 
herein is simply described. The digital PLL circuit 1 cor- 
rectly discriminates between the non signal period T, 
and the signal period T 2 having the burst-mode data 
transmitted, and according to the provided burst-mode 
data, recovers the clock signal clkb (where b is a natural 
number from 1 to n) having the optimally-controlled 
phase position <)>opt Tne discriminator 66 (see FIG. 17) 
provided in the digital PLL circuit 1 synchronizes with 
the clock signal clk b , and then operates to discriminate 
the burst-mode data. The discriminated burst-mode 
data is written into the elastic buffer 64. The reading cir- 
cuit 65 synchronizes with the system clock clk s , and 
operates to read the data from the elastic buffer 64. The 
read data is outputted to the signal line 13 as the recov- 
ered burst-mode data. 

[0148] With such optical receiving circuit 14, the 
optical burst-mode signal is recovered as data synchro- 
nized with the system clock clk s . 

[0149] As stated above, the optical receiving circuit 
14 is provided with the digital PLL circuit 1 being capa- 
ble of detecting the head of the burst-mode data. 
Herein, in the digital PLL circuit 1 , the preamble detector 



4 is peculiarly provided in a stage preceding to the clock 
phase adjuster 5 and the data recovery circuit 6. With 
such structure, the comparator 19 has no more need to 
have the hysteresis function. To be more specific, the 
5 digital PLL circuit 1 receives a signal invariable in value 
(random data) generated in the non signal period T 1f 
and resultantly the preamble detector 4 erroneously 
deals with the random data as burst-mode data. How- 
ever, the possibility for the preamble detector 4 to erro- 
w neously detect the identification pattern from the 
random data is sufficiently low as described in the fore- 
going with the equations (1) to (3). Accordingly, the sub- 
sequent clock phase adjuster 5 and the data recovery 
circuit 6 can operate while responding only to the burst- 
75 mode data for recovery. In this manner, the hysteresis 
function has no more need to forcefully set the output 
signal from the comparator 1 9 to "0", whereby the com- 
parator 19 is freed from the hysteresis function. Further, 
since the clock phase adjuster 5 and the data recovery 
20 circuit 6 respond only to the burst-mode data, the recov- 
ery processing of the burst-mode data can be correctly 
carried out. 



(Third Embodiment) 

25 

[0150] In the second and third conventional exam- 
ples in the "Prior Art" section, the hysteresis function is 
provided for the purpose of recovering the clock having 
the correct phase position even in the vicinity of the 

30 head of the burst-mode data. A hysteresis controller is 
incorporated into the comparator in the last stage of the 
AGC amplifier, and shifts the reference signal in value 
with respect to the incoming signal depending on the 
output from the comparator. With the hysteresis control- 

35 ler, the output signal from the AGC amplifier is fixedly 
set to "0" in the non signal period. 
[0151] In the second and third conventional exam- 
ples, however, the hysteresis controller is set valid even 
in the signal period, and thus the reference signal shifts 

40 in value according to the burst-mode data. As a result, 
the SN ratio (Signal to Noise Ratio) is lowered, in other 
words, a reception level for high-quality data communi- 
cation with a bit error rate suppressed shows deteriora- 
tion. 

45 [0152] The hysteresis controller may cause no 
problem if the reference signal can be kept at the same 
shifting level to both output signals indicating "O" and 
"1". If it is impossible due to variation of devices realiz- 
ing the hysteresis controller, the comparator problemat- 
ic ically enhances the pulse width distortion before 
outputting a signal. 

[0153] In a third embodiment next below, it is 
described an optical receiving circuit which can prevent 
the SN ratio from being lowered by controlling the hys- 
55 teresis controller based on presence/absence of the 
optical burst-mode signal. 

[0154] FIG. 20 is a block diagram showing the 
structure of an optical receiving circuit 20 according to 
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the third embodiment of the present invention. FIGS. 21 
to 23 each indicate a signal waveform in the main part 
of the optical receiving circuit 20. 
[0155] In FIG. 20, the optical receiving circuit 20 is 
placed in an optical transmission system of the burst- 5 
mode. Compared with the optical receiving circuit 14 
(see FIG. 19), the optical receiving circuit 20 is provided 
with a linear amplifying circuit 21, a comparing circuit 
22, and a communication controller 23 as alternatives to 
the preamplifier 16, the linear amplifying circuit 17, the w 
reference signal generator 18, and the comparator 19. 
There is no more difference therebetween, thus other 
components share the same reference numerals. 
[0156] At the transmitting end of the optical trans- 
mission system, an electrical-optical conversion device 15 
of a semiconductor laser, for example, is driven by elec- 
trical burst-mode data, and an optical burst-mode signal 
having such waveform as exemplarily shown in FIG. 
21 A is generated. More specifically, the burst-mode 
data is generated in the signal period T 2 in FIG. 21 A, 20 
and only therein, the electrical-optical conversion device 
responds to the burst-mode data for light emission or 
extinction. The optical burst-mode signal is thus gener- 
ated, and time intervals except the signal period T 2 
become the non signal period T-j . 25 
[0157] Further, the optical burst-mode signal is a 
single-phase signal, which takes either a level equal to 
or higher than a reference value V 1 (base value) or a 
level equal to or lower. FIG. 21 A exemplarily shows a 
single-phase signal varies only in the level equal to or 30 
higher than the reference level V v Herein, the reference 
value V-| is equal to "Low" for the single-phase signal. 
[0158] The optical/electrical conversion device 15 
receives such optical burst-mode signal. The opti- 
cal/electrical conversion device 15 subjects the 35 
received optical burst-mode signal to optical-electrical 
conversion, and generates an electrical burst-mode sig- 
nal responding to light emission or extinction of the elec- 
trical-optical conversion for output to the signal period 
T 2 . The electrical burst-mode signal is also a single- 40 
phase signal as is the optical burst-mode signal, and is 
transmitted to the linear amplifying circuit 21 . Contrarily, 
the optical/electrical conversion device 15 outputs no 
signal to the non signal period since the electrical- 
optical conversion device remains extinguished. 45 
[0159] The linear amplifying circuit 21 in FIG. 20 is 
preferably implemented as the one disclosed in United 
States Patent No. 5875049. The linear amplifying circuit 
21 converts the single-phase signal provided by the 
optical/electrical conversion device 15 into a bi-phase so 
signal. The bi-phase signal is then so amplified as to be 
in a constant amplitude level by automatic gain control 
(AGC) of the linear amplifying circuit 21. The linear 
amplifying circuit 21 also generates a reference signal 
for use in the comparing circuit 22 subsequent thereto. 55 
[0160] A waveform a in FIG. 21 B indicates the bi- 
phase signal generated in the linear amplifying circuit 
21. As is obvious from the drawing, the bi-phase signal 



varies in both levels (positive and negative) with refer- 
ence to a reference value V 2 . The reference value V 2 
indicates a level of the bi-phase signal in the non signal 
period T v A waveform 0 in FIG. 21 B indicates the refer- 
ence signal generated by the linear-amplifying circuit 
21. When generated in the linear amplifying circuit 21, 
the reference signal is in a constant level, which is sub- 
stantially equal to the r ference value V 2 . In other 
words, the reference signal is set equal to an intermedi- 
ate value of the amplification of the bi-phase signal. 
Accordingly, the waveform a of the bi-phase signal over- 
laps with the waveform p of the reference signal. Strictly, 
as indicated in a dot-lined ellipse in FIG. 21 B, a thermal 
noise component occurred in the linear amplifying cir- 
cuit 21 is superimposed on the bi-phase signal. The 
waveform a thereof thus fluctuates in the positive and 
negative directions with respect to the waveform p of the 
reference signal. Such bi-phase signal and the refer- 
ence signal are both forwarded to the comparing circuit 
22 as shown in FIG. 20. 

[0161] FIG. 24 is a block diagram showing the 
detailed structure of the comparing circuit 22. In FIG. 
24, the comparing circuit 22 includes, as main compo- 
nents, a hysteresis controller 221 , a comparator 222, 
and a differential amplifier 223. The hysteresis controller 
221 includes an inverter 224, a first transistor 225, a 
second transistor 226, a first current source 227, a sec- 
ond current source 228, a first voltage-driven current 
source 229, and a second voltage-driven current source 
2210. The structure of the comparing circuit 22 is 
described in detail next below. 

[0162] A gate of a third transistor 2212 is provided 
with the reference signal outputted from the linear 
amplifying circuit 21 through a signal line 2211. The 
third transistor 2212 is used as a source follower. To a 
source of the third transistor 2212, the first current 
source 227 is coupled. Between the source of the third 
transistor 2212 and the first current source 227, one end 
of a signal line 221 3 is connected. The other end thereof 
is coupled to a negative (-) input terminal of the compa- 
rator 222. 

[0163] A gate of a fourth transistor 2215 is provided 
with the bi-phase signal outputted from the linear ampli- 
fying circuit 21 through a signal 2214. The fourth tran- 
sistor 221 5 is used as a source follower. To a source of 
the fourth transistor 2215, the second current source 
228 is coupled. Between the source of the fourth tran- 
sistor 221 5 and the second current source 228, one end 
of a signal line 221 6 is connected. The other end thereof 
is coupled to a positive (+) input terminal of the compa- 
rator 222. To an output end of the comparator 222, sig- 
nal lines 221 7 and 221 8 are connected. The signal lines 
2217 and 2218 are respectively connected to an input 
end of the differential amplifier 223. To an output end 
thereof, a signal line 2219 is connected. 
[0164] The signal lines 2217 and 2218 are both 
branched in partway. The branched signal lines 2217 
and 2218 are coupled to the first and second voltage- 
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driven current sources 229 and 2210. 
[0165] Herein, currents generated in the first and 
second current sources 227 and 22B are equal in value, 
and currents generated in the first and second voltage- 
driven current sources 229 and 2210 are also equal in 5 
value. 

[0166] As shown in FIG. 20, to the comparing circuit 
22, a PREAMBLE-DETECTED signal similar to the one 
in the first embodiment is fed back from the digital PLL 
circuit 1 . More specifically, the PREAMBLE-DETECTED 10 
signal is forwarded to the inverter 224 shown in FIG. 24. 
The inverter 224 inverts the received PREAMBLE- 
DETECTED signal therein. An output signal from the 
inverter 224 is a binary signal indicating both "High" and 
"Low" as shown in FIG. 21 C. FIG. 21 C shows a negative 15 
logic, and thus -High" indicates that the head of the 
burst-mode data is not yet detected, i.e., indicates the 
non signal period T^ Contrarily, "Low" indicates that the 
head of the burst-mode data is already detected, i.e., 
indicates the signal period T 2 . Such output signal from 20 
the inverter 224 is forwarded to each gate terminal of 
the first and second transistors 225 and 226. Each 
source of the first and second transistors 225 and 226 
are coupled to the first and second voltage-driven cur- 
rent sources 229 and 221 0. A drain of the first transistor 25 
225 is connected to the first current source 227, and a 
drain of the second transistor 226 is connected to the 
second current source 228. 

[0167] The first and second transistors 225 and 226 
are put ON when the output signal from the inverter 224 30 
indicates "High", i.e., when the head of the burst-mode 
data is not yet detected (substantially non signal period 
T-j). Contrarily, when the output signal indicates "Low", 
i.e., when the head of the burst-mode data is already 
detected (substantially signal period T 2 ), the first and 35 
second transistors 225 and 226 are put OFF. In 
response thereto, the hysteresis controller 221 differ- 
ently operates between the non signal period T-j and the 
signal period T 2 . For convenience, It is first described 
how the comparing circuit 22 operates in the signal 40 
period T 2 , and then in the non signal period T-\. 
[0168] In the signal period T 2 , the first and second 
transistors 225 and 226 are both put OFF, and thus the 
hysteresis controller 221 does not operate. Therefore, 
electrical current Ij and l 2 respectively passing through 45 
drain-source of the third and fourth transistors 2212 and 
2215 are equal in value. Taking this into consideration, 
V 3 = V 4 is satisfied, where V 3 denotes voltage 
between an electric potential of the signal line 221 1 cou- 
pled to the gate of the third transistor 2212 and that of so 
the signal line 2213 coupled to the source thereof, and 
V 4 denotes voltage between an electric potential of the 
signal line 221 4 coupled to the gate of the fourth transis- 
tor 2215 and that of the signal line 221 6 coupled to the 
source thereof. Accordingly, in the signal period T 2 , the 55 
negative input terminal of the comparator 222 is pro- 
vided with the value of the reference signal without any 
change. As to the positive input terminal thereof, the bi- 



phase signal is provided as it is through the signal lines 
2214 and 2216. In this case, the comparator 222 com- 
pares the value of the bi-phase signal provided to the 
positive input terminal with a constant threshold value 
(reference signal), and then outputs a positive-phase 
output (see waveform y in FIG. 22B) indicating the result 
to the signal line 221 7. Further, the comparator 222 out- 
puts a negative-phase (see waveform 5 in FIG. 22B) 
obtained by inverting the positive- phase to the signal 
line 2218. These positive-phase output and negative- 
phase output are both forwarded to the differential 
amplifier 223 as differential signals. The differential 
amplifier 223 recovers the electrical burst-mode data by 
converting the received differential signals into the sin- 
gle-phase signals. The burst-mode data recovered 
thereby is outputted to the subsequent digital PLL circuit 
1 through the signal line 2219. 

[0169] In the non signal period T-j, on the other 
hand, the first and second transistors 225 and 226 are 
both put ON, and thus the hysteresis controller 221 
operates. For example, when the result obtained by the 
comparator 222 indicates "High", i.e., when the bi- 
phase signal is larger in value than the reference signal, 
the positive-phase output indicates "High" and the neg- 
ative-phase output "Low*. The positive-phase output 
indicating "High" is provided to the first voltage-driven 
current source 229 through the signal line 2217, 
whereby the electrical current passing therethrough is in 
a predetermined value. On the other hand, the second 
voltage-driven current source 2210 is provided with the 
negative -phase output indicating "Low" through the sig- 
nal line 221 8. The second voltage-driven current source 
2210, however, does not operate thereby, therefore no 
current passes therethrough. 

[0170] Further, since the first transistor 225 is put 
ON, the current generated in the first voltage-driven cur- 
rent source 229 passes through drain-source of the 
third transistor 2212. Accordingly, a voltage V 5 between 
an electrical potential of the signal line 221 1 coupled to 
the gate of the third transistor 2212 and that of the sig- 
nal line 2213 coupled to the source thereof becomes 
larger than the above-described voltage V 3 . As to the 
second voltage -driven current source 2210, without 
electrical current passing therethrough, a voltage V 6 
between an electrical potential of the signal line 2214 
coupled to the gate of the fourth transistor 221 5 and that 
of the signal line 2216 coupled to the source thereof 
becomes equal to the above-described voltage V 4 . 
Therefore, the negative input terminal of the comparator 
222 is lowered in input level compared with the positive 
input terminal thereof. In other words, the value of the 
reference signal becomes smaller than the reference 
value V 2 of the bi-phase signal. 

[0171] Next, it is described a case where the result 
obtained by the comparator 222 contrarily indicates 
"Low". With the positive -phase output indicating "Low* 
and the negative-phase output "High", the second volt- 
age-driven current source 221 0 has an electrical current 
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in a predetermined value passing therethrough but the 
first voltage-driven current source 229. The current gen- 
erated in the second voltage-driven current source 221 0 
passes through drain-source of the fourth transistor 
2215. Accordingly, a voltage V 7 between an electrical 
potential of the signal line 2214 coupled to the gate of 
the fourth transistor 2215 and that of the signal lin 
221 6 coupled to the source thereof becomes larg r than 
the above-described voltage V 4 . As to the first voltage- 
driven current source 229, without electrical current 
passing therethrough, a voltage V Q between an electri- 
cal potential of the signal line 221 1 coupled to the gate 
of the third transistor 2212 and that of the signal line 
2213 coupled to the source thereof becomes equal to 
the above-described voltage V 3 . Therefore, the negative 
input terminal of the comparator 222 becomes higher in 
an input level than the positive input terminal. In other 
words, the value of the reference signal becomes larger 
than the reference value V 2 of the bi-phase signal. 
[0172] As is described in the foregoing, the hystere- 
sis controller 221 changes the value of the reference 
signal only in the non signal period T v 
[0173] Hereinafter, it is described in detail how the 
comparing circuit 22 operates when received the refer- 
ence signal and the bi-phase signal shown in FIG. 21 B. 
When the output signal from the inverter 224 shown in 
FIG. 21 C indicates "High" (substantially without-signal 
Ti), as stated above, the reference signal provided to 
the signal line 221 1 and the bi-phase signal provided to 
the signal line 2214 are substantially equal in value (see 
FIG. 21 B). In the non signal period , however, with the 
above-described hysteresis controller 221 operated, the 
reference signal provided to the negative input terminal 
of the comparator 222 is in a value, which is an offset 
value Vqffset added to the initial voltage (=V 2 ). The 
offset value Vqffset is preferably a value about double 
or three-times more than a dispersion value of the ther- 
mal noise component superimposed on the bi-phase 
signal in the linear amplifying circuit 21 . With the offset 
value Vqffset. as shown in FIG. 22A, the reference sig- 
nal provided to the negative input terminal is set slightly 
higher in value than the bi-phase signal to the positive 
input terminal. 

[0174] Even in the non signal period T v the level of 
the bi-phase signal varies due to the thermal noise com- 
ponent superimposed in the linear amplifying circuit 21 . 
With the reference signal set preferably about double or 
t h ree -times more than the distribution value of the ther- 
mal noise component, the level of the bi-phase signal 
hardly exceeds the value of the reference signal. In 
other words, the possibility for the comparator 222 to 
have a result indicating "High" is considerably reduced, 
and the non signal period never has an invariable 
value taking both "High" and "Low". Resultantly, as 
shown in FIG. 22C, an output from the differential ampli- 
fier 223 is approximately constant in "Low". 
[0175] Further, as shown in FIGS. 21 B and 21 C, 
ven if the output signal from the inverter 224 is 



changed from "High" to "Low" (substantially from non 
signal period T-j to signal period T 2 ), the value of the ref- 
erence signal provided to the signal line 221 1 is equal to 
the reference value V 2 (average) of the bi-phase signal 
5 provided to the signal line 221 4. In the signal period T 2 , 
however, without the hysteresis controller 221 operated, 
the value of the reference signal provided to the nega- 
tive input terminal remains in the value V 2 as shown in 
FIG. 22A. The comparator 222 compares an intermedi- 

10 ate value of the bi-phase signal with the value of the bi- 
phase signal itself, thus the burst-mode data being the 
electrical signal outputted from the differential amplifier 
223 hardly has pulse width distortion. Thus, the SN ratio 
of the burst-mode data is prevented from being lowered 

15 as is correctly discriminated at the center of the ampli- 
tude. 

[0176] Herein, the communication controller 23 
shown in FIG. 20 is previously informed of an approxi- 
mate time when the burst-mode data is over. When the 

20 time draws near, the communication controller 23 gen- 
erates a reset signal. The reset signal is forwarded to 
the linear amplifying circuit 21 and the digital PLL circuit 
1 . A gain of the AGC amplifier is reset to the initial value. 
The digital PLL circuit 1, on the other hand, sets the 

25 PREAMBLE-DETECTED signal to "Low". With such 
PREAMBLE-DETECTED signal, the output signal from 
the inverter 224 is changed to indicate "High", and thus 
the hysteresis controller 221 starts operation. As a 
result, even if the reference signal and bi-phase signal 

30 equal in value are provided, the burst-mode data output- 
ted from the comparing circuit 22 always indicates 
"Low". 

[0177] Note that, in the description above, the com- 
paring circuit 22 receives the bi-phase signal. The struc- 

35 ture is only preferable but not restrictive, and thus the 
single-phase signal may be provided to the comparing 
circuit 22 without any change, although the bi-phase 
signal varying in level in positive and negative directions 
with respect to the reference value V 2 being more 

40 advantageous. This is because, with such bi-phase sig- 
nal, the comparing circuit 22 can perform comparison 
processing with accuracy by using the reference signal 
having the reference value V2 set even if the amplitude 
level of the bi-phase signal is not sufficiently amplified in 

45 the linear amplifying circuit 21. Contrarily, the single- 
phase signal takes only either positive or negative with 
respect to the reference value V v Therefore, if the 
amplitude level thereof is not sufficiently amplified, the 
comparing circuit 22 may not correctly perform the com- 

50 parison processing. 

[0178] In the above, although the comparing circuit 
22 is set to receive the reference signal from the linear 
amplifying circuit 21, the comparing circuit 22 may be 
set to receive the reference signal from a reference 

55 power supply which is not shown. 

[0179] Next, the digital PLL circuit 1 in FIG. 20 is 
described. Since the digital PLL circuit 1 in FIG. 20 is 
structurally and operationally similar to the one in the 
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first embodiment, the description is made only to addi- 
tional technical effects obtainable by the hysteresis con- 
troller 221. 

[0180] In the third embodiment, the hysteresis con- 
troller 221 controls the reference signal and thus the s 
digital PLL circuit 1 hardly receives a signal invariable in 
value even in the non signal period TV For convenience 
herein, as in the first embodiment, the digital PLL circuit 
1 is assumed to receive randomly-generating data hav- 
ing -High" and "Low" in the non signal period T v With 10 
this assumption, if the sampling circuit 3 samples such 
randomly-generating data utilizing the clock signals elk! 
to clke as shown in FIGS. 2A and 2B, a signal to be out- 
putted therefrom as 1 st to 8 th sampled burst mode data 
may have a 50/50 (0.5) possibility for "High" or Tow". is 
[0181] Consequently, as described in the first 
embodiment, the AND gates 441 A to 441 8 output "High" 
with the probability obtained by the following equation 
0). 

20 

Pe 1 = (0.5 7 ) 5 = 2.9* 10 (11) (1) 

[0182] Further, the AND gates 445! to 445 8 in FIG. 
5 output "High" with the probability obtained by the fol- 
lowing equation (2). 25 

Pe 2 = (0.5 6 ) 6 = 1.5*10 ( ' 11) (2) 

[0183] Still further, the AND gates 449! to 449 8 in 
FIG. 6 output "High" with the probability obtained by the 30 
following equation (3). 

Pe 3 = (0.5 5 ) 7 = 2.9* 10 ( " 11) (3) 

[0184] As described in the first embodiment, these 35 
probability Pe 1t Pe 2 , and Pe 3 each denote a probability 
for erroneously detecting, as the head of the burst-mode 
data, an incoming signal whose value is invariable. 
Herein, for a communication system requiring a bit error 
rate of 10 ( " 9) for transmission quality, the probabilities 40 
Pe 1f Pe 2 , and Pe3 are regarded as being sufficiently 
small. Therefore, even if any bit error is caused in the 
digital PLL circuit 1 due to the erroneous detection of 
the head, there is no problem for practical use. Herein, 
as stated above, with the hysteresis controller 221 45 
incorporated into the optical receiving circuit of the 
present invention, actual probabilities Pe^ Pe 2> and Pe 3 
are smaller than the ones obtained by equations (1) to 
(3). It means that the optical receiving circuit 20 has a 
lower possibility for causing the bit error than the optical so 
receiving circuit 14. 

[0185] While the invention has been described in 
detail, the foregoing description is in all aspects illustra- 
tive and not restrictive. It is understood that numerous 
other modifications and variations can be devised with- 55 
out departing from the scope of the invention. 



Claims 

1. A digital PLL circuit (1) recovering a clock signal 
according to received burst-mode data, and adjust- 
ing a phase thereof in such a manner as to synchro- 
nize with an optimal position of each bit of the burst- 
mode data, the circuit comprising: 

a clock generator (2) generating, from a system 
clock, n clock signals (where n is a positive 
integer) having different phases one another by 
1/n; 

a sampling circuit (3) generating 1 st to n th sam- 
pled burst-mode data by sampling said burst- 
mode data utilizing the n clock signals gener- 
ated by said clock generator; 
a preamble detector (4) detecting a head of 
said burst-mode data from the 1 st to n th sam- 
pled burst-mode data generated by said sam- 
pling circuit, and also detecting an optimal 
phase potion for the head of the burst-mode 
data by referring to phase positions of the n 
clock signals generated by said clock genera- 
tor; and 

a clock phase adjuster (5) detecting an edge 
position of said burst-mode data from the 1 st to 
/7 th sampled burst-mode data generated by 
said sampling circuit, and according to the 
detected edge position, adjusting the phase 
positions of the clock signals with reference to 
the optimal phase position detected by said 
preamble detector. 

2. The digital PLL circuit as claimed in claim 1, 
wherein said clock phase adjuster 

finds, every time the edge position is detected, 
a center point of the bit according to the 
detected edge position, 

finds and stores an evaluation value relevant to 
a shift between the recently-set optimal phase 
position and the center point of the bit, 
calculates, after the evaluation value is calcu- 
lated for x times, an average for the recently- 
stored x evaluation values, and 
adjusts the phase positions of the clock signals 
according to the calculated average. 

3. The digital PLL circuit as claimed in claim 1, 
wherein, when said preamble detector detects the 
head of the burst-mode data, said clock phase 
adjuster starts to detect the edge positions of the 
burst-mode data from the 1 st to 0 th sampled burst- 
mode data generated by said sampling circuit. 

4. The digital PLL circuit as claimed in claim 1, 
wherein said burst-mode data previously has an 
identification pattern set for specifying the head 
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thereof, and 

said preamble detector comprises: 

n shift registers (41) for holding the 1 st to 5 
n th sampled burst-mode data generated by 
said sampling circuit; 

n decoders (42) each subsequently con- 
nected to said n shift registers, and deter- 
mining whether or not a bit pattern held by w 
the corresponding shift register matches to 
the identification pattern; and 
an identification pattern detector (44) 
detecting the identification pattern from 
said burst-mode data according to a result 15 
determined by said n decoders. 

5. The digital PLL circuit as claimed in claim 4, 
wherein the number of bits / held by each of said 
shift registers is predetermined, wherein 20 

when any one or more of said decoders deter- 
mines that a pattern of j bits (where / is a natu- 
ral number satisfying /=/) out of the / bits held 
by the corresponding shift register matches to 25 
the identification pattern, said identification pat- 
tern detector decides that the identification pat- 
tern is detected from said burst-mode data. 

6. The digital PLL circuit as claimed in claim 5, 30 
wherein, when a series of q (where q is a natural 
number satisfying q<n) said decoders determine 
that a pattern of recent k bits (where k is a natural 
number satisfying k<j) out of the / bits held by each 
corresponding shift register matches to the identifi- 35 
cation pattern, said identification pattern detector 
decides that the head of said burst-mode data is 
detected, wherein 

said numbers q and k are so selected as to sat- 40 
isfy a bit error rate required for transmission 
quality. 

7. The digital PLL circuit as claimed in claim 4, 
wherein said preamble detector further includes an 45 
initial phase position detector (45) detecting a 
center point of bits at the head of said burst-mode 
data from the result determined by said n decoders, 
and determining the detected center point as the 
optimal phase position for the clock signals. so 

8. The digital PLL circuit as claimed in claim 1, 
wherein said clock phase adjuster includes an edge 
detector (52) detecting the edge positions of each 

bit of said burst-mode data, wherein 55 

said edge detector includes: 



an exclusive OR circuit (521) calculating 
an exclusive OR, and detecting a transition 
point from Low" to "High" or from "High" to 
"Low" in the burst-mode data; and 
a decision circuit (522) determining 
whether or not continuity of "High" or "Low" 
is observed after the transition point 
detected by said exclusive OR circuit, 
wherein 

only when the continuity of "High" or "Low" is 
determined by said determination circuit, the 
transition point detected by said exclusive OR 
circuit is detected as the edge positions of the 
burst-mode data. 

9. The digital PLL circuit as claimed in claim 1 , further 
comprising a discriminator (66) discriminating, 
based on the phase positions adjusted by said 
clock phase adjuster, a bit to be received from the 
1 st to n th sampled burst-mode data generated by 
said sampling circuit. 

10. The digital PLL circuit as claimed in claim 9, 
wherein said discriminator includes: 

a selector (61) selecting, based on the phase 
positions adjusted by said clock phase 
adjuster, 1 st to p th (where p is a natural number 
satisfying p^n) sampled burst-mode data from 
the 1 st to n th sampled burst-mode data gener- 
ated by said sampling circuit, and 
a decision circuit (62) determining, by majority, 
the bit to be received from the 1 st to P th sam- 
pled burst-mode data selected by said selector. 

11. The digital PLL circuit as claimed in claim 1 , further 
comprising an elastic buffer (64) into which the bit 
discriminated by said discriminator is written 
according to the clock signals having the phase 
positions optimally adjusted by said clock phase 
adjuster, wherein 

the bit written into said elastic buffer is read 
according to said system clock. 

12. The digital PLL circuit as claimed in claim 11, 
wherein writing and reading into/from said elastic 
buffer are done when said preamble detector 
detects the head of said burst-mode data. 

13. An optical receiving circuit (14) receiving an optical 
burst-mode signal, comprising: 

an optical/electrical conversion device (15) 
converting the received optical burst-mode sig- 
nal into an electrical signal; 
an amplifier (16, 17) amplifying the electrical 
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signal converted by said optical/electrical 
device; 

a comparator (19) converting the electrical sig- 
nal provided by said amplifier into digital data 
by comparing the electrical signal and a given 5 
reference signal; and 

a digital PLL circuit (1) receiving the digital data 
converted by said comparator, recovering a 
clock signal according to the burst-mode data, 
and adjusting a phase thereof in such a man- 10 
ner as to synchronize with an optimal position 
of each bit of the burst-mode data, wherein 
said digital PLL circuit (1) comprises: 

a clock generator generating, from a sys- 15 
tern clock, n clock signals (where n is a 
positive integer) having different phases 
one another by Mn\ 

a sampling circuit generating 1 st to n th 
sampled burst-mode data by sampling 20 
said burst-mode data utilizing the n clock 
signals generated by said clock generator; 
a preamble detector detecting a head of 
said burst-mode data from the 1 st to n th 
sampled burst-mode data generated by 25 
said sampling circuit, and also detecting an 
optimal phase potion for the head of the 
burst-mode data by referring to phase 
positions of the n clock signals generated 
by said clock generator; and 30 
a clock phase adjuster detecting an edge 
position of said burst-mode data from the 
1 st to n xh sampled burst-mode data gener- 
ated by said sampling circuit, and accord- 
ing to the detected edge position, adjusting 35 
the phase positions of the clock signals 
with reference to the optimal phase posi- 
tion detected by said preamble detector. 

14. An optical receiving circuit (20) receiving an optical 40 
burst-mode signal, comprising: 

an optical/electrical conversion device (15) 
converting the received optical burst -mode sig- 
nal into an electrical signal; 45 
an amplifying circuit (21) amplifying the electri- 
cal signal converted by said optical/electrical 
device; 

a comparing circuit (22) provided with a hyster- 
esis characteristic which generates a reference so 
signal variable in value, and compares the ref- 
erence signal and the electrical signal ampli- 
fied by said amplifying circuit for output as 
burst-mode data; and 

a digital PLL circuit (1) detecting the head of 55 
the burst-mode data provided by said compar- 
ing circuit, generating a PREAMBLE- 
DETECTED signal being a signal specifying 



the head, and then starting optimally adjusting 

the phase position of the clock signal recovered 

from the burst-mode data, wherein 

said digital PLL circuit further feeds back the 

generated PREAMBLE-DETECTED signal to 

said comparing circuit, and 

in response to the PREAMBLE-DETECTED 

signal fed back from said digital PLL circuit, 

said comparing circuit changes a value of the 

reference signal. 

15. The optical receiving circuit as claimed in claim 14, 
wherein the PREAMBLE-DETECTED signal gener- 
ated by said digital PLL circuit indicates whether or 
not said head is detected/undetected, wherein 

said comparing circuit includes 

a hysteresis controller (221) generating, in 
response to the PREAMBLE-DETECTED 
signal fed back from said digital PLL circuit, 
the reference signal variable in value; and 
a comparator (222) comparing the refer- 
ence signal from said hysteresis controller 
and the electrical signal from said amplify- 
ing circuit, wherein 

said hysteresis controller 

generates the reference signal having the 
same value as a reference value of the 
electrical signal from said amplifying circuit 
if the received PREAMBLE-DETECTED 
signal indicates that said head is detected, 
and 

generates the reference signal in a value 
being offset the reference value of the 
electrical signal from said amplifying circuit 
by a given value if the received PREAM- 
BLE-DETECTED signal indicates that said 
head is undetected. 

16. The optical receiving circuit as claimed in claim 15, 
wherein the electrical signal provided to said com- 
parator is a bi-phase signal. 

17. The optical receiving circuit as claimed in claim 15, 
wherein said given value is selected to be about 
double or three-times more than a distribution value 
of a thermal noise component occurred in said 
amplifying circuit. 

18. The optical receiving circuit as claimed in claim 14, 
wherein said digital PLL circuit comprises: 

a clock generator (2) generating, from a system 
clock, n clock signals (where n is a positive 
integer) having different phases one another by 
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1/n; 

a sampling circuit (3) generating 1 st to n th sam- 
pled burst-mode data by sampling said burst- 
mode data utilizing the n clock signals gener- 
ated by said clock generator; 
a preamble detector (4) detecting a head of 
said burst-mode data from the 1 st to n th sam- 
pled burst-mode data generated by said sam- 
pling circuit, and also detecting an optimal 
phase potion for the head of the burst-mode 
data by referring to phase positions of the n 
clock signals generated by said clock genera- 
tor; and 

a clock phase adjuster (5) detecting an edge 
position of said burst-mode data from the 1 st to 
n m sampled burst-mode data generated by 
said sampling circuit, and according to the 
detected edge position, adjusting the phase 
positions of the clock signals with reference to 
the optimal phase position detected by said 
preamble detector, wherein 
said preamble detector feeds back the gener- 
ated PREAMBLE-DETECTED signal to said 
comparing circuit. 

19. The optical receiving circuit as claimed in claim 18, 
wherein said clock phase adjuster 

finds, every time the edge position is detected, 
a center point of the bit according to the 
detected edge position, 

finds and stores an evaluation value relevant to 
a shift between the recently-set optimal phase 
position and the center point of the bit, 
calculates, after the evaluation value is calcu- 
lated for x times, an average for the recently- 
stored x evaluation values, and 
adjusts the phase positions of the clock signals 
according to the calculated average. 

20. The optical receiving circuit as claimed in claim 18, 
wherein, when received said PREAMBLE- 
DETECTED signal from said preamble detector, 
said clock phase adjuster starts to detect the edge 
positions of the burst-mode data outputted from the 
comparing circuit utilizing the 1 st to n th sampled 
burst-mode data generated by said sampling cir- 
cuit. 

21. The optical receiving circuit as claimed in claim 18, 
wherein the burst-mode data outputted from said 
comparing circuit previously has an identification 
pattern set for specifying the head thereof, and 

said preamble detector comprises: 

n shift registers (41) for holding the 1 st to 
n th sampled burst-mode data generated by 



said sampling circuit; 

n decoders (42) each subsequently con- 
nected to said n shift registers, and deter- 
mining whether or not a bit pattern held by 

5 the corresponding shift register matches to 

the identification pattern; and 
an identification pattern detector (44) 
detecting the identification pattern accord- 
ing to a result determined by said n decod- 

10 ers. 

22. The optical receiving circuit as claimed in claim 21 , 
wherein the number of bits / held by each of said 
shift registers is predetermined, wherein 

15 

when any one or more of said decoders deter- 
mines that a pattern of j bits (where / is a natu- 
ral number satisfying /=/) out of the / bits held 
by the corresponding shift register matches to 
20 the identification pattern, said identification pat- 

tern detector decides that the identification pat- 
tern is detected. 

23. The optical receiving circuit as claimed in claim 22, 
25 wherein, when a series of q (where q is a natural 

number satisfying q<n) said decoders determine 
that a pattern of recent k bits (where k is a natural 
number satisfying k<f) out of the / bits held by each 
corresponding shift register matches to the identifi- 
30 cation pattern, said identification pattern detector 
decides that said identification pattern is detected, 
wherein 

said numbers q and k are so selected as to sat- 
35 isfy a bit error rate required for transmission 

quality. 

24. The optical receiving circuit as claimed in claim 21, 
wherein said preamble detector further includes an 

40 initial phase position detector (45) estimating a 
center point of bits in said identification pattern 
using the result determined by said n decoders, 
and regarding the estimated center point as the 
optimal phase position for the clock signals. 

45 

25. The optical receiving circuit as claimed in claim 18, 
wherein said clock phase adjuster includes an edge 
detector (52) detecting the edge positions of each 
bit of said burst-mode data outputted from said 

so comparing circuit, wherein 

said edge detector includes: 

an exclusive OR circuit (521) calculating 
55 an exclusive OR, and detecting a transition 

point from Tow" to "High" or from "High" to 
"Low" in the burst-mode data outputted 
from said comparing circuit; and 
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a decision circuit (522) determining 
whether or not continuity of "High" or "Low" 
is observed after the transition point 
detected by said exclusive OR circuit, 
wherein 5 

only when the continuity of "High" or "Low" is 
determined by said determination circuit, the 
transition point detected by said exclusive OR 
circuit is detected as the edge positions of the 10 
burst-mode data. 

26. The optical receiving circuit as claimed in claim 18, 
further comprising a discriminator (66) discriminat- 
ing, based on the phase positions adjusted by said 15 
clock phase adjuster, a bit to be received from the 

1 st to /7 th sampled burst-mode data generated by 
said sampling circuit. 

27. The optical receiving circuit as claimed in claim 26, 20 
wherein said discriminator includes: 

a selector (61) selecting, based on the phase 
positions adjusted by said clock phase 
adjuster, 1 st to p m (where p is a natural number 25 
satisfying p^n) sampled burst-mode data from 
the 1 st to n th sampled burst-mode data gener- 
ated by said sampling circuit; and 
a decision circuit (62) determining, by majority, 
the bit to be received from the 1 st to P th sam- 30 
pled burst-mode data selected by said selector. 

28. The optical receiving circuit as claimed in claim 1 8, 
further comprising an elastic buffer (64) into which 

the bit discriminated by said discriminator is written 35 
according to the clock signals having the phase 
positions optimally adjusted by said clock phase 
adjuster, wherein 

the bit written into said elastic buffer is read 40 
according to said system clock. 

29. The optical receiving circuit as claimed in claim 28, 
wherein writing and reading into/from said elastic 
buffer are controlled by the PREAMBLE- 45 
DETECTED signal generated by said preamble 
detector. 
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